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c o u r a
g e f u
r t h e r
i n v e s
t i g a t
i o n s .
H o w e
v e r ,
t h i s r
e p o r t
o n l y
a d d r e
s s e s
w a t e r
q u a l i
t y i m p
a c t s
o f l a r
g e -
s c a l e
G r e a t
L a k e s
a q u a c
u l t u r
e . O t
h e r i
s s u e s
s u c h
a s e x o
t i c s p
e c i e s ,
d i s e a
s e t r a
n s f e r ,
u s e o
f t h e r
a p e u t
i c s ,
e t c . m
a y b
e i m p
o r t a n
t a n d
m u s t
b e a d
d r e s s
e d i n
t h e f
u t u r e
b y m a
n a g e
m e n t
w h e n
c o n s i
d e r i n
g g r o
w t h
a n d e
x p a n s
i o n o
f t h e
i n d u s
t r y .
I t a p p
e a r s
t h e b
e s t d
o c u m e
n t a t i
o n o f
w a t e r
q u a l i
t y i m
p a c t s
c o m e
s f r o
m
l a r g e
- s c a l
e a q u
a c u l t
u r e o
p e r a t
i o n s ;
t h i s r
e p o r t
d i d n
o t a d
d r e s s
i s s u e
s a n d
m a n a
g e m e
n t c o
n c e r n
s w h i
c h
m a y b e u n i q u
e
t o s m a l l ﬁ s h f a r m s o p e r a
t i n g
w i t h i
n
t h e G r e a t L a k e s w a t e r
s h e d .
E X E C U T I V E S U M M A R Y
A q u a c u l t u r e i s a n e m e r g i n g i s s u e i n t h e G r e a t L a k e s b a s i n c a u s e d b y a n i n c r e a s e d d e m a n d
f o r f r e s h w a t e r ﬁ s h e s a n d b y c o n c e r n o v e r e x p a n s i o n o f a r e l a t i v e l y n e w i n d u s t r y . G l o b a l l y ,
t h e c u r r e n t d e m a n d f o r s e a f o o d h a s i n c r e a s e d t o t h e p o i n t w h e r e t h e U n i t e d N a t i o n s e s t i -
m a t e s t h a t n e a r l y o n e - q u a r t e r o f t h e p r o t e i n i n h u m a n d i e t s i s d e r i v e d f r o m s e a f o o d , o f
w h i c h 2 1 % o f t h e w o r l d c o n s u m p t i o n o f s e a f o o d c o m e s f r o m a q u a c u l t u r e . W i t h t h e r a p i d
e x p a n s i o n o f a q u a c u l t u r e t h e r e h a v e b e e n c o n c e r n s e x p r e s s e d a b o u t t h e i m p a c t s t h e i n d u s —
t r y m a y h a v e o n w a t e r q u a l i t y a n d b i o t a , a s w e l l a s e c o n o m i c a n d s o c i a l b e n e ﬁ t s .
A s p a r t o f t h e G r e a t L a k e s F i s h e r y C o m m i s s i o n c h a r g e t o a s s e s s h a b i t a t a l t e r a t i o n s a n d
r e c o m m e n d m i t i g a t i v e s t r a t e g i e s t o a d d r e s s c o n c e r n s f o r a q u a c u l t u r e i n t h e G r e a t L a k e s
b a s i n , a r o u n d t a b l e d i s c u s s i o n o f w a t e r q u a l i t y i m p a c t s o f G r e a t L a k e s a q u a c u l t u r e w a s h e l d
o n j a n u a r y 2 7 — 2 8 , 1 9 9 9 i n c o l l a b o r a t i o n w i t h t h e G r e a t L a k e s W a t e r Q u a l i t y B o a r d o f t h e
I n t e r n a t i o n a l J o i n t C o m m i s s i o n . T h i s r e p o r t o n l y a d d r e s s e s w a t e r q u a l i t y i m p a c t s o f l a r g e —
s c a l e G r e a t L a k e s a q u a c u l t u r e . W a t e r q u a l i t y i m p a c t s d u e t o h a t c h e r y o p e r a t i o n s h a v e b e e n
d o c u m e n t e d i n M i c h i g a n ’ s B i g P l a t t e L a k e ( i . e . , e l e v a t e d p h o s p h o r u s l e v e l s , i n c r e a s e d
p r i m a r y p r o d u c t i v i t y , r e d u c e d w a t e r t r a n s p a r e n c y ) . I n a d d i t i o n , w a t e r q u a l i t y i m p a c t s d u e
t o c a g e d a q u a c u l t u r e h a v e b e e n m e a s u r e d i n M i n n e s o t a m i n e p i t l a k e s ( i . e . , a p p r o x i m a t e l y
a n o r d e r o f m a g n i t u d e i n c r e a s e i n w a t e r c o l u m n p h o s p h o r u s , n i t r o g e n , a n d c h l o r o p h y l l
l e v e l s , a n d i n c r e a s e d a t t a c h e d a l g a l g r o w t h ) a n d i n o n e c a s e i n O n t a r i o o n t h e N o r t h C h a n -
n e l a n d G e o r g i a n B a y o f L a k e H u r o n ( i . e . , e l e v a t e d p h o s p h o r u s l e v e l s , r e d u c e d w a t e r
t r a n s p a r e n c y , a l g a l b l o o m s , a n d d i s s o l v e d o x y g e n d e p l e t i o n o v e r 2 5 0 h a ) . I n d u s t r y r e p r e —
s e n t a t i v e s p r o v i d e d i n f o r m a t i o n t h a t o t h e r o p e r a t i o n s i n G e o r g i a n B a y h a v e b e e n w e l l
m a n a g e d a n d h a v e n o t r e s u l t e d i n a n y s i g n i ﬁ c a n t w a t e r q u a l i t y p r o b l e m s . I t w a s g e n e r a l l y
f e l t a m o n g r o u n d t a b l e p a r t i c i p a n t s t h a t w a t e r q u a l i t y p r o b l e m s c a n b e s u b s t a n t i a l l y p r e —
v e n t e d w i t h b e t t e r a s s e s s m e n t , s i t i n g , p r e d i c t i o n o f c a r r y i n g c a p a c i t y , a n d m a n a g e m e n t o f
f o o d a n d ﬁ s h .
C a g e d a q u a c u l t u r e o p e r a t i o n s i n t h e G r e a t L a k e s a r e c u r r e n t l y l i m i t e d b y a v a i l a b l e t e c h n o l -
o g y a n d s u i t a b l e s i t e s . N e i t h e r c a g e d n o r l a n d — b a s e d a q u a c u l t u r e i s e x p e c t e d t o g r o w
s u b s t a n t i a l l y . T h e a q u a c u l t u r e i n d u s t r y i s i n t e r e s t e d i n a c h i e v i n g e c o n o m i c a l l y - v i a b l e a n d
e n v i r o n m e n t a l l y - s u s t a i n a b l e o p e r a t i o n s . B o t h t h e a q u a c u l t u r e i n d u s t r y a n d g o v e r n m e n t s
w a n t t o l i m i t w a t e r q u a l i t y a n d h a b i t a t i m p a c t s .
O n e p r o m i s i n g a n a l y t i c a l t o o l , s p o n s o r e d b y t h e G r e a t L a k e s F i s h e r y C o m m i s s i o n , i s b e i n g
d e v e l o p e d t o h e l p p r e v e n t w a t e r q u a l i t y i m p a c t s f r o m a q u a c u l t u r e a n d p r e v e n t i n t r o d u c t i o n s
o f e x o t i c s p e c i e s . T h i s d e c i s i o n s u p p o r t s y s t e m t i t l e d “ E n v i r o n m e n t a l A s s e s s m e n t T o o l f o r
P r i v a t e A q u a c u l t u r e i n t h e G r e a t L a k e s B a s i n ” i s b e i n g d e v e l o p e d b y t h e U n i v e r s i t y o f
M i n n e s o t a . T h i s u s e r — f r i e n d l y , c o m p u t e r — b a s e d s y s t e m i s d e s i g n e d t o h e l p d i r e c t i m p a c t
a s s e s s m e n t s a n d g u i d e r i s k m a n a g e m e n t d e c i s i o n s r e g a r d i n g p r i v a t e a q u a c u l t u r e o p e r a t i o n s .
   
B a s e d o n a r e v i e w o f t h e i n f o r m a t i o n a n d d i s c u s s i o n s f r o m t h e r o u n d t a b l e , a n d t h e e x t e n d e d
a b s t r a c t s p r e s e n t e d i n t h i s r e p o r t , t h e r o u n d t a b l e s t e e r i n g c o m m i t t e e h a s m a d e t h e f o l l o w i n g
r e c o m m e n d a t i o n s :
T o g o v e r n m e n t s i t i s r e c o m m e n d e d t h a t :
b e t t e r s i t e a s s e s s m e n t s b e p e r f o r m e d a s p a r t o f t h e a p p l i c a t i o n f o r a l l n e w c a g e d a q u a c -
u l t u r e o p e r a t i o n s , i n c l u d i n g s i t e s p e c i f i c p r e d i c t i o n o f c a r r y i n g c a p a c i t y ( e . g . , t h e U n i v e r -
s i t y o f M i n n e s o t a E n v i r o n m e n t a l
A s s e s s m e n t T o o l c o u l d b e ﬁ e l d t e s t e d o n n e w p e r m i t /
l i c e n s e
a p p l i c a t i o n s ) ;
c o n s i d e r a t i o n b e g i v e n t o l i m i t i n g c a g e d a q u a c u l t u r e o p e r a t i o n s b a s e d o n a f e e d q u o t a
w i t h s p e c i f i e d
f e e d q u a l i t y ;
a r o u t i n e m o n i t o r i n g p r o g r a m b e r e q u i r e d a s p a r t o f e a c h c a g e d a q u a c u l t u r e l i c e n s e o r
p e r m i t ( e . g . , b e n t h i c c o m m u n i t y s t r u c t u r e , c h e m i s t r y , p e r i p h y t o n , e t c . ) ; a n d
b e s t m a n a g e m e n t p r a c t i c e s b e d e v e l o p e d a n d i m p l e m e n t e d f o r a l l c a g e d a q u a c u l t u r e
o p e r a t i o n s ( e . g . , a n a q u a c u l t u r e o p e r a t i o n c o u l d b e e n c o u r a g e d t o o b t a i n I S O 9 0 0 0 a n d
1 4 0 0 0
c e r t i ﬁ c a t i o n ) ;
T o t h e G r e a t L a k e s F i s h e r y C o m m i s s i o n a n d t h e I n t e r n a t i o n a l J o i n t C o m m i s s i o n i t i s r e c o m —
m e n d e d
t h a t t h e y :
c o n t i n u e t o t r a c k t h e i s s u e o f w a t e r q u a l i t y i m p a c t s f r o m G r e a t L a k e s a q u a c u l t u r e a s a
“ w a t c h i n g
b r i e f ” ;
a n d
e n s u r e t h a t t h e r e l a t e d a q u a c u l t u r e i s s u e s o f c o m p r e h e n s i v e d i s e a s e m a n a g e m e n t ,
i n t r o d u c t i o n o f e x o t i c s p e c i e s , u s e o f t h e r a p e u t i c s , e t c . b e a d d r e s s e d i n t h e f u t u r e .
T o g o v e r n m e n t a g e n c i e s , u n i v e r s i t i e s , a n d t h e C o m m i s s i o n s i t i s r e c o m m e n d e d t h a t t h e
f o l l o w i n g
r e s e a r c h
n e e d s
b e a d d r e s s e d :
 
t h e d e v e l o p m e n t a n d a p p l i c a t i o n o f s i m p l e , r a p i d , b i o a s s e s s m e n t t o o l s , b i o l o g i c a l l y -
b a s e d s t a n d a r d s f o r u n a c c e p t a b l e w a t e r q u a l i t y a n d h a b i t a t i m p a c t s , a n d p r a c t i c a l “ e a r l y
w a r n i n g ” i n d i c a t o r s f o r s i g n s o f c h a n g i n g b e n t h o s , p h y t o p l a n k t o n , a n d z o o p l a n k t o n ;
t h e d e v e l o p m e n t a n d a p p l i c a t i o n o f m o d e l s t o e s t i m a t e “ c a r r y i n g c a p a c i t y ” a n d p r e d i c t
s i t e s u i t a b i l i t y
f o r a q u a c u l t u r e
o p e r a t i o n s ;
t h e f r e q u e n c y , e x t e n t , a n d f e a s i b i l i t y o f f a l l o w i n g o r r e s t i n g a s i t e r e q u i r e d t o m i n i m i z e
i m p a c t s ;
t h e n u t r i e n t / e n e r g y e f f i c i e n c i e s o f f i s h f e e d ;
t h e e f f i c a c y o f a l t e r n a t i v e n u t r i e n t a b a t e m e n t t e c h n o l o g i e s ;
t h e i m p a c t s o f c a g e d a q u a c u l t u r e o p e r a t i o n s o n s t r u c t u r e a n d
f u n c t i o n o f t h e a q u a t i c
e c o s y s t e m ;
a n d
t h e
r e l a t i v e
i m p a c t
o f e x i s t i n g
l a n d — b a s e d
a q u a c u l t u r e
o p e r a t i o n s .
  
 
 T o t h e a q u a c u l t u r e i n d u s t r y i t i s r e c o m m e n d e d t h a t :
c a g e d a q u a c u l t u r e a p p l i c a n t s a s s e s s t h e “ c a r r y i n g c a p a c i t y ” o f t h e p r o p o s e d s i t e a n d
a l l o c a t e w a s t e l o a d i n g s w i t h i n t h a t c a p a c i t y ;
a d e q u a t e p r e - a n d p o s t - o p e r a t i o n a l m o n i t o r i n g b e c o n d u c t e d ;
e ﬁ o r t s b e m a d e t o i n v o l v e e a r l y - o n a l l s t a k e h o l d e r s ( e . g . , c o t t a g e o w n e r s ) i n p l a n n i n g i n
o r d e r t o g a i n a c c e p t a n c e a n d t o i d e n t i f y a n d a v o i d p r o b l e m s ;
ﬁ s h f a r m e r s c o n s i d e r u s i n g h i g h l y d i g e s t i b l e , n u t r i e n t d e n s e d i e t s ( f o r e x a m p l e t h o s e
d e v e l o p e d b y t h e O n t a r i o M i n i s t r y o f N a t u r a l R e s o u r c e s a n d U n i v e r s i t y o f G u e l p h )
w h i c h c o n t a i n l e s s p h o s p h o r u s , a r e l e s s p o l l u t i n g , a n d c o u l d p r o v e c o s t - e f f e c t i v e f o r f i s h
p r o d u c t i o n ; a n d
f i s h f a r m e r s c o n s i d e r d e v e l o p i n g a n e n v i r o n m e n t a l m a n a g e m e n t s y s t e m u n d e r I S O
1 4 0 0 0 w h i c h i n c o r p o r a t e s u s e o f b e s t a v a i l a b l e t e c h n o l o g i e s a n d r e q u i r e s a d e q u a t e
m o n i t o r i n g f o r c o n t i n u o u s i m p r o v e m e n t i n o p e r a t i o n s .

 I N T R O D U C T I O N
A q u a c u l t u r e i s a n e m e r g i n g i s s u e i n t h e G r e a t L a k e s b a s i n c a u s e d b y a n i n c r e a s e d d e m a n d
f o r f r e s h w a t e r ﬁ s h a n d c o n c e r n o v e r e x p a n s i o n o f a r e l a t i v e l y n e w i n d u s t r y . G l o b a l l y , t h e
c u r r e n t d e m a n d f o r s e a f o o d h a s i n c r e a s e d t o t h e p o i n t w h e r e t h e U n i t e d N a t i o n s e s t i m a t e s
t h a t n e a r l y o n e - q u a r t e r o f t h e p r o t e i n i n h u m a n d i e t s i s d e r i v e d f r o m s e a f o o d , o f w h i c h 2 1 %
o f t h e w o r l d c o n s u m p t i o n o f s e a f o o d c o m e s f r o m a q u a c u l t u r e . W i t h t h e r a p i d e x p a n s i o n o f
a q u a c u l t u r e t h e r e h a s b e e n a n i n c r e a s e d c o n c e r n f o r t h e i m p a c t s t h e i n d u s t r y m i g h t h a v e o n
w a t e r q u a l i t y a n d b i o t a , a s w e l l a s e c o n o m i c a n d s o c i a l b e n e ﬁ t s . A s p e c i ﬁ c c o n c e r n h a s b e e n
p o o r m o n i t o r i n g a n d a s s e s s m e n t o f e x i s t i n g s i t e s a n d p o o r p r e d i c t i v e c a p a b i l i t y f o r t h e i m -
p a c t s o f n e w s i t e s .
A n i n c r e a s i n g i n t e r e s t i n a q u a c u l t u r e d e v e l o p m e n t i n t h e G r e a t L a k e s b a s i n h a s p r o m p t e d t h e
G r e a t L a k e s F i s h e r y C o m m i s s i o n t o s p o n s o r d e v e l o p m e n t o f a m o d e l m a n a g e m e n t ' p r o g r a m
f o r p r i v a t e a q u a c u l t u r e . T o w a r d s t h i s g o a l , a n a q u a c u l t u r e e n v i r o n m e n t a l a s s e s s m e n t t o o l i s
b e i n g d e v e l o p e d t o b e a u s e r — f r i e n d l y , i n t e r a c t i v e , w i n d o w — b a s e d p r o g r a m t h a t a d d r e s s e s l a k e -
b a s e d , l a n d - b a s e d , a n d s e c u r e d a q u a c u l t u r e s y s t e m s . T h i s d e c i s i o n s u p p o r t s y s t e m i n v o l v e s
t h r e e i n t e r r e l a t e d c o m p o n e n t s : t h e a s s e s s m e n t o f p o t e n t i a l e n v i r o n m e n t a l e f f e c t s ; p r o v i s i o n o f
s c i e n t i ﬁ c b a c k g r o u n d ; a n d w h e n s p e c i ﬁ c r i s k s a r e i d e n t i ﬁ e d , r e c o m m e n d a t i o n s f o r r i s k m a n —
a g e m e n t .
A s p a r t o f t h e G r e a t L a k e s F i s h e r y C o m m i s s i o n e f f o r t s t o a d d r e s s c o n c e r n s f o r a q u a c u l t u r e i n
t h e G r e a t L a k e s b a s i n , a r o u n d t a b l e d i s c u s s i o n o f w a t e r q u a l i t y i m p a c t s o f G r e a t L a k e s
a q u a c u l t u r e w a s h e l d o n J a n u a r y 2 7 — 2 8 , 1 9 9 9 i n c o l l a b o r a t i o n w i t h t h e G r e a t L a k e s W a t e r
Q u a l i t y B o a r d o f t h e I n t e r n a t i o n a l J o i n t C o m m i s s i o n .
T h e p r i m a r y o b j e c t i v e s o f t h i s r o u n d t a b l e w e r e t o :
- r e v i e w t h e s t a t e o f k n o w l e d g e o f w a t e r q u a l i t y i m p a c t s o f e x i s t i n g a q u a c u l t u r e ;
° s h a r e i n f o r m a t i o n ;
' i d e n t i f y k n o w l e d g e a n d i n f o r m a t i o n g a p s ; a n d
- p r o v i d e m a n a g e m e n t a d v i c e t o b o t h b o a r d s .
S e c o n d a r y o b j e c t i v e s w e r e t o :
- i d e n t i f y t h e k n o w n a n d p o t e n t i a l l o n g - t e r m w a t e r q u a l i t y i m p a c t s o f G r e a t L a k e s a q u a c -
u l t u r e ;
' g a t h e r i n f o r m a t i o n o n t h e c u r r e n t w a t e r q u a l i t y p r o t e c t i o n / s a f e g u a r d s a n d t h e i r e f f e c -
t i v e n e s s ; a n d ‘
 -
l o o k a t o p p o r t u n i t i e s f o r p r e v e n t i o n o r a b a t e m e n t o f w a t e r q u a l i t y i m p a c t s d u e t o
a q u a c u l t u r e .
T h i s r e p o r t s u m m a r i z e s t h e d i s c u s s i o n s o f t h e r o u n d t a b l e , p r e s e n t s e x t e n d e d a b s t r a c t s
o f t a l k s p r e s e n t e d a t t h e r o u n d t a b l e , a n d p r o v i d e s m a n a g e m e n t a d v i c e r e l a t i v e t o t h e
r o u n d t a b l e
o b j e c t i v e s .
 
 R O U N D T A B L E D E S I G N A N D P R O G R A M
T h e r o u n d t a b l e w a s d e s i g n e d t o s h a r e c u r r e n t e x p e r i e n c e s a n d p e r s p e c t i v e s r e l e v a n t t o
a q u a c u l t u r e i n t h e G r e a t L a k e s b a s i n a n d t o s o l i c i t m a n a g e m e n t a d v i c e ( A p p e n d i x 1 ) . A p -
p r o x i m a t e l y 5 0 p e o p l e a t t e n d e d , i n c l u d i n g r e p r e s e n t a t i v e s f r o m g o v e r n m e n t , a c a d e m i a ,
i n d u s t r y , F i r s t N a t i o n s , a n d e n v i r o n m e n t a l n o n g o v e r n m e n t a l o r g a n i z a t i o n s ( A p p e n d i x 2 ) .
T h e r o u n d t a b l e b e g a n w i t h a s e r i e s o f b a c k g r o u n d t a l k s o n a q u a c u l t u r e , f a m i l i a r i z i n g p a r t i c i —
p a n t s w i t h t h e c u r r e n t s i t u a t i o n i n t h e G r e a t L a k e s . T h e s e b a c k g r o u n d t a l k s w e r e f o l l o w e d
b y a s e r i e s o f c a s e s t u d y p r e s e n t a t i o n s o u t l i n i n g a q u a c u l t u r e e x p e r i e n c e s a n d l e s s o n s f r o m
O n t a r i o , M i c h i g a n , M i n n e s o t a , a n d B r i t i s h C o l u m b i a . A t t h e e n d o f d a y o n e , r o u n d t a b l e
p a r t i c i p a n t s d e v e l o p e d s o m e k e y m e s s a g e s f r o m t h e d a y a n d a d d r e s s e d t h e f o l l o w i n g
q u e s t i o n s :
- W h a t a r e t h e k n o w n w a t e r q u a l i t y i m p a c t s o f G r e a t L a k e s a q u a c u l t u r e ?
° W h a t a r e t h e p o t e n t i a l l o n g - t e r m i m p a c t s ?
O n d a y t w o , t w o b r e a k o u t g r o u p s d i s c u s s e d a n d a n s w e r e d k e y q u e s t i o n s r e g a r d i n g w a t e r
q u a l i t y i m p a c t s o f G r e a t L a k e s a q u a c u l t u r e . T h e q u e s t i o n s a d d r e s s e d i n c l u d e d :
° W h a t c a n b e d o n e t o p r e v e n t o r a b a t e w a t e r q u a l i t y i m p a c t s d u e t o a q u a c u l t u r e ? I s
t h e r e a d e q u a t e p r o t e c t i o n u n d e r t h e c u r r e n t l a w ? W h a t a r e t h e v a r i o u s r o l e s o f g o v e r n -
m e n t a n d i n d u s t r y ?
- C a n g o v e r n m e n t s e n s u r e “ n o n e t l o s s ” o f p h y s i c a l a n d c h e m i c a l h a b i t a t f r o m n e w G r e a t
L a k e s c a g e c u l t u r e s t h r o u g h i m p a c t p r e d i c t i o n s a n d m o d e l l i n g c o m b i n e d w i t h l i c e n s i n g /
p e r m i t t i n g ? I f n o , t h e n w h a t d o e s t h e “ p r e c a u t i o n a r y a p p r o a c h ” i n d i c a t e f o r a p p r o v a l s /
p e r m i t t i n g ?
' W h a t a r e t h e p r i o r i t y r e s e a r c h n e e d s ?
- W h a t m o n i t o r i n g s t r a t e g i e s a r e n e e d e d a n d a r e i n p l a c e ?
F o l l o w i n g t h e b r e a k o u t s e s s i o n s , p a r t i c i p a n t s r e c o n v e n e d i n p l e n a r y t o r e c e i v e b r e a k o u t
s e s s i o n r e p o r t s a n d d e v e l o p s o m e c o n c l u s i o n s a n d r e c o m m e n d a t i o n s .
  
S Y N T H E S I S O F R O U N D T A B L E D I S C U S S I O N A N D K E Y F I N D I N G S
K n o w n W a t e r Q u a l i t y I m p a c t s o f G r e a t L a k e s B a s i n A q u a c u l t u r e
A q u a c u l t u r e o p e r a t i o n s w i l l h a v e s o m e i m p a c t o n t h e n a t u r a l e n v i r o n m e n t o r a n “ e c o l o g i c a l
f o o t p r i n t . ” F o r t h i s r e p o r t , e c o l o g i c a l f o o t p r i n t m e a n s t h e e x t e n t a n d s e v e r i t y o f e c o l o g i c a l
i m p a c t c a u s e d b y a q u a c u l t u r e o p e r a t i o n s . T h i s c o n c e p t o f e c o l o g i c a l f o o t p r i n t h a s b e e n
d e v e l o p e d b y W a c k e r n a g e l a n d R e e s ( 1 9 9 6 ) t o a d d r e s s c a r r y i n g c a p a c i t y ( i . e . , t h e c o r r e s p o n d -
i n g a r e a o f p r o d u c t i v e l a n d a n d a q u a t i c e c o s y s t e m s r e q u i r e d t o p r o d u c e t h e r e s o u r c e s u s e d ,
a n d t o a s s i m i l a t e t h e w a s t e s p r o d u c e d b y , a d e ﬁ n e d p o p u l a t i o n a t a s p e c i ﬁ e d m a t e r i a l s t a n -
d a r d o f l i v i n g ) .
M a j o r w a t e r q u a l i t y p r o b l e m s d u e t o a q u a c u l t u r e c a n a n d h a v e i n c l u d e d :
° i n c r e a s e d p h o s p h o r u s a n d n i t r o g e n o v e r b a c k g r o u n d l e v e l s ;
° i n c r e a s e d p r i m a r y p r o d u c t i v i t y ( a s m e a s u r e d b y c h l o r o p h y l l a a n d a l g a l b i o m a s s ) ;
° e l e v a t e d t o t a l s u s p e n d e d s o l i d s a n d b i o c h e m i c a l o x y g e n d e m a n d ; a n d
0 d i s s o l v e d o x y g e n d e p l e t i o n .
R o u n d t a b l e p a r t i c i p a n t s n o t e d t h a t a n a q u a c u l t u r e o p e r a t i o n c a n b e c o m e a p r o b l e m w h e n
o p e r a t o r s a t t e m p t t o g r o w m o r e ﬁ s h t h a n a g i v e n a r e a a n d w a t e r v o l u m e c a n s u s t a i n ( i . e . ,
e x c e e d t h e c a r r y i n g c a p a c i t y ) . I n a d d i t i o n , t h e r e i s d e g r a d a t i o n a n d l o s s o f h a b i t a t .
A q u a c u l t u r e o p e r a t i o n s i n M i n n e s o t a , O n t a r i o , a n d M i c h i g a n h a v e r e s u l t e d i n w a t e r q u a l i t y
i m p a c t s ( T a b l e 1 ) . I n M i n n e s o t a ( i . e . , m i n e p i t l a k e s ) , t h e w a t e r q u a l i t y i m p r o v e d f o l l o w i n g
c e s s a t i o n o f a q u a c u l t u r e o p e r a t i o n s ( A p p e n d i x 1 0 ) . I n M i c h i g a n ( i . e . , B i g P l a t t e L a k e ) , w a t e r
q u a l i t y c o n d i t i o n s h a v e i m p r o v e d a f t e r m a k i n g i m p r o v e m e n t s i n h a t c h e r y o p e r a t i o n s a n d
r e d u c i n g p h o s p h o r u s l o a d i n g s ( A p p e n d i x 7 ) . H o w e v e r , r e c o v e r y h a s n o t y e t b e e n d o c u -
m e n t e d i n L a C l o c h e / N o r t h C h a n n e l , O n t a r i o ( A p p e n d i x 9 ) . I t w a s n o t e d b y i n d u s t r y p a r t i c i -
p a n t s t h a t s e v e r a l o p e r a t i o n s i n G e o r g i a n B a y h a v e b e e n w e l l m a n a g e d a n d h a v e n o t r e s u l t e d
i n a n y s u b s t a n t i a l w a t e r q u a l i t y p r o b l e m s ( A p p e n d i x 1 2 ) . P a r t i c i p a n t s n o t e d t h a t m a n y w a t e r
q u a l i t y i m p a c t s c a n b e p r e v e n t e d t h r o u g h b e t t e r a s s e s s m e n t , s i t i n g , p r e d i c t i o n o f c a r r y i n g
c a p a c i t y , a n d m a n a g e m e n t o f a q u a c u l t u r e o p e r a t i o n s f o r e x a m p l e .
 Table 1.
Water quality problems attributed toselected aquaculture
operations in Minnesota, Ontario, and Michigan
Characteristic
or Concern
Minnesota
LaCloche/
North Channel (Ontario)
Big Platte Lake/River
(Michigan)
Type of Caged aquaculture Caged aquaculture Hatchery
operation
Location Inland mine pit lakes North Channel and Tributary to northeastern
Georgian Bay on
Lake Huron
Lake Michigan
Species reared
Chinook salmon and
rainbow trout
Rainbow trout
Coho and Chinook salmon
Known water
quality impacts
Exceedance of the
NPDES* permit limit for
phosphorus (33 pg/L);
approximately an order
of magnitude increase
in water column
phosphorus, nitrogen,
and chlorophyll levels;
increased attached algal
growth
Exceedance of
Provincial water quality
objectives for phosphorus
and dissolved oxygen;
reduced water
transparency; presence
of algal blooms; dissolved
oxygen depletion over
250 ha
Increased phosphorus loadings;
elevated primary productivity;
decreased water transparency;
anecdotal reports of reductions
in crayﬁsh populations,
emergent aquatic vegetation,
and mayﬂy hatches
* National Pollutant Discharge Elimination System
Potential Long-term Impacts of Great Lakes Aquaculture
Based on a review of environmental effects of aquaculture in the US. by the Environmental
Defense Fund, Goldburg and Triplett (1997) concluded that “when compared to the largest
sources of nutrient pollution, such as municipal sewage systems, U.S. aquaculture operations
have
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Parti
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ted
that
many water quality impacts can be resolved through proper siting and management of
aquaculture operations.
  
  
  
Participants noted that the long-term concerns for water quality impacts of aquaculture
include short—terrn operational impacts and long-term impacts from accumulated nutrients,
feces, and degraded habitat. A number of other potential issues were raised by participants.
Limited information exists on many of these potential issues. Some participants felt that
there is no evidence to suggest that there is any concern for some of these potential issues
and that they should notbe identiﬁed because they would be viewed by some individuals as
actual problems. These potential issues raised at the roundtable, but notaddressed either at
the roundtable or in the report, include:
- drug resistance - antibiotics for treating bacteria can potentially lead to increased
bacterial resistance (Axler et a1. 1996);
- disease magniﬁcation - an increase in the incidence and severity of diseases in wild
populations of fish associated with highly concentrated aquaculture fish;
- impacts on ﬁshery and biodiversity;
- disease transfer to wild populations of fish;
- water quantity conﬂicts; and
- incremental habitat loss.
Some of these concerns have received considerable media attention outside the Great Lakes
basin. They may not be relevant or applicable to the Great Lakes. Again, this report only
addresses water quality impacts of large-scale Great Lakes aquaculture.
Prevention or Abatement of Water Quality Impacts
Overall, it was predicted that there will be more ﬁsh produced from caged aquaculture in the
future, but probably not an order of magnitude increase in operations. Growth of land-based
aquaculture is expected to be minimal due to higher costs for siting and often limited avail-
ability of suitable water quantities. Currently, there are an estimated 1,000 US. aquaculture
producers in the Great Lakes (Appendix 5) and approximately 200 facilities in Ontario
(Appendix 8). More accurate statistics on US. aquaculture will be available later in 1999
when the US. Department of Agriculture’s ﬁrst ever 1998 Census of Aquaculture will be
completed (US. Department of Agriculture 1998). Globally the amount of seafood and
freshwater ﬁsh consumed will increase due to an increase in population. For example, the
US. population is expected to increase 1%. Although the 1997 US. per capita consumption
of seafood has declined slightly to 6.6 kg (14.6 pounds) from 7 kg (15 pounds) in 1996, the
total US. supply (landings plus imports) has remained relatively constant (Iohnson 1998;
Goldburg and Triplett 1997). Johnson (1998) attributes the consumption decline to supply
constraint of some species and notes consumption increases in species such as salmon and
catﬁsh that are not supply constrained. Further to this, there has been a shift in consumption
from wild—caught ﬁsh to aquaculture—raised ﬁsh due to depleting global wild stocks. These
factors will contribute to a growing aquaculture industry.
Growth of the caged aquaculture industry in the Great Lakes is limited by the few remaining
sites that are suitable using currently available technology. Key criteria for caged aquaculture
site selection include a sheltered location, deep water, and good circulation.
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All aquaculture operations will have some impact or “ecological footprint.” Concern was
raised for how and who determines what changes in water and habitat quality are “unaccept—
able”. There are currently no biologically-based, regulatory standards for making a determi—
nation of “unacceptable” water quality or habitat impacts. Therefore, there is a need for
biologically-based regulatory standards for “unacceptable” water quality and habitat impacts
that are applicable to aquaculture operations. Industry interests suggest that there must be a
balance of economic, social-political, industrial, and administrative factors. It was suggested
that any monitoring required in a permit/license should include an early warning capability
(e.g., monitoring benthos or periphyton).
Prior to establishing an aquaculture farm, proper site assessments and adequate modelling are
essential to determine where to locate operations. Site assessments must address “carrying
capacity” and site-speciﬁc characteristics (e.g., shelter, water depth, circulation, sedimentation,
morphometry). Better siting criteria can be built into modelling to predict site suitability.
Size/scale must be taken into account, but putting restrictions on size/scale will limit business
and the economy of scale. In British Columbia, all applications for ﬁnﬁsh licenses and leases
must follow speciﬁc siting and spacing criteria in relation to other operations, wild stocks,
stream mouths, and critical habitat (Salmon Aquaculture Review 1997). Goldburg and
Triplett (1997) agree stating that “siting net pens in areas with strong currents or tides that
ﬂush wastes and avoiding overly dense siting of net pens can help limit problems from waste
accumulation.”
The development of predictive models for the Great Lakes which consider current, feed rates,
depth, bottom characteristics, ﬂow velocity, ecological sensitivity, and other factors would be
useful to predict the scale of operation a site can sustain. A site selection predictive model
has been developed by the provincial Ministry ofAgriculture, Fisheries and Food in British
Columbia (Appendix 11). Proper siting would likely have prevented the establishment of an
aquaculture operation in mine pit lakes in Minnesota. Mine pit lakes were not suited for
aquaculture due to the relatively unnatural state of a very deep pit with little natural vegeta-
tion, no littoral zone, and low nutrients. The input of nutrients from overfeeding and ﬁsh
waste resulted in a more intensive and immediate problem than other more natural sites.
One suggestion for managing impacts was to limit the size of aquaculture operations by
establishing a feed quota with speciﬁed quality. For example, after a proper site assessment
and prediction of size and scale of operations, a license/permit could be issued based on a
given amount of food of a known phosphorus amount or establishing phosphorus quotas.
The license/permit would also require monitoring. If monitoring during initial operations
showed water quality problems, there would have to be an adjustment in the feed quota. If
monitoring during initial operations showed no water quality problems, then operations could
continue with the given feed quota.
Advances in the development of high nutrient dense, low phosphorus ﬁsh feeds have resulted
in higher feed conversion rates and a decrease in ﬁsh waste (Cho and Bureau 1997; Appendix
4). The use of high nutrient dense diets for the production of rainbow trout is key to decreas—
ing the amount of ﬁsh waste. Improvements in feeding strategies which result in higher
consumption of feed and less waste of feed have also resulted in improved water quality and
higher farm productivity.
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ted
are
a o
f i
mp
ro
ve
me
nt
wo
ul
d b
e t
o e
sta
bli
sh
fee
d o
r p
rod
uct
ion
lim
its
an
d a
monitoring program in these licenses.
In
the
Uni
ted
Sta
tes
, N
ati
ona
l P
oll
uta
nt
Dis
cha
rge
Eli
min
ati
on
Sys
tem
(N
PD
ES
)
per
mit
s a
re
use
d t
o r
egu
lat
e t
he
ind
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ry.
Ho
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ve
r,
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re
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abi
lit
y a
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ng
the
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tes
bec
aus
e o
f
dif
fer
enc
es
in
est
abl
ish
ed
num
eri
cal
sta
nda
rds
an
d d
esi
gna
ted
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e.g.
, ﬁ
sh,
rec
rea
tio
n,
etc.
).
Aga
in,
ade
qua
te
dat
a a
nd
inf
orm
ati
on
are
ess
ent
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for
NP
DE
S
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mit
s t
o b
e s
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ess
ful
.
A
phy
sic
och
emi
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an
d b
iol
ogi
cal
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ito
rin
g p
ro
gr
am
sho
uld
be
a s
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iﬁc
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in
eac
h
per
mit
.
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S.
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iro
nme
nta
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en
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A)
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un
ce
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y 1
999
tha
t
the
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l b
e c
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ing
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nar
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y o
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acu
ltu
re
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ry
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her
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an
d d
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rmi
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whe
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r n
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l e
fﬂu
ent
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del
ine
s w
ill
be
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ped
for
the
aqu
acu
ltu
re
ind
ust
ry
(U
S.
En
vi
ro
nm
en
ta
l
Pro
tec
tio
n A
ge
nc
y
199
8,
199
9).
Rol
es
an
d r
esp
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lit
ies
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ve
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me
nt
an
d t
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acu
ltu
re
ind
ust
ry
Ca
ge
d
aqu
acu
ltu
re
sy
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em
s d
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fr
om
co
nve
nt
io
na
l l
an
d—
ba
se
d a
qua
cul
tur
e f
aci
lit
ies
in
the
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of
pub
lic
tru
st
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our
ces
as
dir
ect
sub
si
dy
in
the
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ea
tm
en
t o
f t
hei
r w
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es.
Fis
h,
wil
dli
fe,
an
d n
avi
ga
bl
e
wat
ers
(in
clu
din
g G
re
at
La
ke
s b
ot
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ml
an
ds
)
are
co
mm
on
pr
op
er
ty
of
the
pe
op
le
of
the
pr
ov
in
ce
s a
nd
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tes
tha
t s
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ro
un
d
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Gr
ea
t L
ake
s.
Th
is
co
mm
on
pr
op
er
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ht
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e o
f t
he
old
est
pub
lic
rig
hts
wi
th
roo
ts
fr
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en
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ry
Eng
lis
h L
aw
.
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ge
d
aqu
acu
ltu
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ope
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ion
s d
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ot
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ve
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at
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tes
an
d u
se
Gr
ea
t L
ak
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c b
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o t
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r w
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es.
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lik
ely
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pub
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op
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s d
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was
tes
.
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nd
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ge
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cul
-
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e o
per
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s o
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, b
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en
,
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su
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y
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dir
ect
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—b
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ua
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lt
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e
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tie
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ig
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y
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d
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d
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e
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ir
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n
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ita
l t
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r
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o d
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wat
ers
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the
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.
As
the
tru
ste
e f
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lic
’s
pro
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in
cu
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be
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ca
ge
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yst
em
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at
La
ke
s w
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d t
he
pub
lic
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ou
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pr
op
ri
at
el
y
co
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en
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d f
or
an
y
los
s o
f t
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r p
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pe
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y
val
ue.
 
To
ac
hi
ev
e
ec
on
om
ic
al
ly
-v
ia
bl
e
an
d
en
vi
ro
nm
en
ta
ll
y-
su
st
ai
na
bl
e
aq
ua
cu
lt
ur
e
th
er
e
mu
st
be
a
sh
ar
ed
res
pon
sib
ili
ty
be
tw
ee
n
go
ve
rn
me
nt
an
d
th
e a
qu
ac
ul
tu
re
ind
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ry.
Al
l
st
ak
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ol
de
rs
sh
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de
si
gn
th
e r
ule
s
an
d
go
ve
rn
me
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sh
ou
ld
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er
se
e
en
fo
rc
em
en
t.
In
pra
cti
ce,
sta
te
an
d
pr
ov
in
ci
al
go
ve
rn
me
nt
s
ha
ve
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pon
sib
ili
ty
for
ﬁs
h
ma
na
ge
me
nt
,
in
cl
ud
in
g a
qu
ac
ul
tu
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e
in
du
st
ry
wa
nt
s
re
as
on
ab
le
go
ve
rn
me
nt
re
gu
la
ti
on
s '
to
pr
ev
en
t w
at
er
qua
lit
y i
mp
ac
ts
fr
om
aquaculture.
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Governments need to facilitate good management. For example, governments can develop
processes that ensure a shared responsibility for adequate site assessments, monitoring,
development of a phosphorus budget, and establishment of feed quotas. There also needs to
be alternative dispute resolution mechanisms. For example, advisory committees have been
successful in some states. Michigan experience has shown that aquaculture needs to stay out
of the courts.
Most aquaculture operations in the Great Lakes are relatively small with limited resources.
Government could ﬁll a value-added role by sharing information on research and develop—
ment, and by promoting technology transfer. One suggestion was to give governments
authority and responsibility to ensure that “best management practices” are employed in all
aquaculture operations.
It was suggested that the use of commercial equipment as per the recommendations of manu-
facturers should be encouraged. In addition, experienced and trained staff are required to
carry out operations. In general, aquaculture facilities that are well sited and well managed to
minimize environmental effects will be more sustainable in the long—term and will be more
economically-viable.
Loss of habitat and the precautionary approach
In general, governments cannot ensure no loss of habitat from new Great Lakes caged aquac-
ulture operations. There will undoubtedly be loss of physical, chemical, and biological
habitat. There will be an ecological impact. However, this loss may be temporary if fallow—
ing is practiced. Concern was raised for:
° How long does it take for fallow (resting) sites to recover?
- Does this lead into cumulative impacts?
- Is site rotation a substitute for dilution?
Such questions highlight the need to deﬁne what level of impact is acceptable. Before siting
an aquaculture operation we must address “carrying capacity” and cumulative effects (e.g., via
a wasteload allocation for phosphorus). Adequate monitoring will be a key to addressing loss
and degradation of habitat. Industry representatives noted that any industry has environmen-
tal impacts, some of which are only temporary. Governments must make sure that any
ecological impacts from caged aquaculture operations are temporary and conﬁned. The
practice of mandatory fallowing should be given consideration with the issuance of a permit/
license.
Based on existing evidence, most governments cannot justify a moratorium on aquaculture
operations due solely to the loss of habitat, but caution is warranted with respect to biochemi-
cal oxygen demand, total suspended solids, nitrogen, and phosphorus. What is needed is a
reasonable and objective approach. Other issues raised which must be addressed within a
precautionary approach include:
 
 - diseases;
° introduction of new species and strains; and
-
use
of t
hera
peut
ics.
y,
Monitoring strategies
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and
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al m
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t b
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t c
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dres
s wa
ter
qual
ity,
ben
tho
s,
phy
top
lan
kto
n,
stru
ctur
e a
nd
fun
cti
on o
f th
e ﬁs
h c
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t b
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t b
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ﬁna
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, m
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ldb
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e d
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°
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l c
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'
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aqu
acu
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°
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pme
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t s
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o p
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ra-
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15
 16
 
the f
requ
ency
and
exten
t of
fallo
wing
requi
red t
o min
imiz
e im
pacts
, as
well
as de
ter-
mining if it works in low circulation systems;
the effectiveness of high conversion fish diets;
the efficacy of alternative nutrient abatement technologies;
the development of innovative waste removal technologies;
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uacul
ture
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ure a
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isher
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comprehensive fish disease management.
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n o
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d d
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zat
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y p
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s d
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d c
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.
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r o
per
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l m
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n b
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eit
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at
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(e.
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consideration be given to limiting caged aquaculture operations based on a feed quota
with specified feed quality;
a routine monitoring program be required as part of each caged aquaculture license or
permit (e.g., benthic community structure, chemistry, periphyton, etc.); and
best management practices be developed and implemented for all caged aquaculture
operations (e.g., an aquaculture operation could be encouraged to obtain ISO 9000 and
14000 certification);
To the Great Lakes Fishery Commission and the International Joint Commission it is
recommended that they:
continue to track the issue of water quality impacts from Great Lakes aquaculture as a
“watching brief”; and
ensure that the related aquaculture issues of comprehensive disease management,
introduction of exotic species, use of therapeutics, etc. be addressed in the future.
To government agencies, universities, and the Commissions it is recommended that the
following research needs be addressed:
the development and application of simple, rapid, bioassessment tools, biologically-
based standards for unacceptable water quality and habitat impacts, and practical “early
warning” indicators for signs of changing benthos, phytoplankton, and zooplankton;
the development and application of models to estimate “carrying capacity” and predict
site suitability for aquaculture operations;
the frequency, extent, and feasibility of fallowing or resting a site required to minimize
impacts;
the nutrient/energy efficiencies of fish feed;
the efficacy of alternative nutrient abatement technologies;
the impacts of caged aquaculture operations on structure and function of the aquatic
ecosystem; and
the relative impact of existing land-based aquaculture operations.
To the aquaculture industry it is recommended that:
caged culture aquaculture applicants assess the “carrying capacity” of the proposed site
and allocate waste loadings within that capacity;
adequate pre- and post-operational monitoring be conducted;
eﬂ'orts be made to involve early-on all stakeholders (e.g., cottage owners) in planning in
order to gain acceptance and to identify and avoid problems;
 - fish farmers consider using highly digestible, nutrient dense diets (for example those
developed by the Ontario Ministry of Natural Resources and University of Guelph) which
contain less phosphorus, are less polluting, and could prove cost-effective for fish produc-
tion; and
- fish farmers consider developing an environmental management system under ISO 14000
which incorporates use of best available technologies and requires adequate monitoring
for continuous improvement in operations.
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Appendix 1
Roundtable Agenda
Roundtable on Water Quality Impacts of Great Lakes Aquaculture
Co-hosted by the Great Lakes Fishery Commission’s Habitat Advisory Board
and the International Joint Commission’s Water Quality Board
University of Windsor’s Great Lakes Institute for Environmental Research
January 27-28, 1999
AGENDA
Day 1 Wednesday,January 27
10:00 am. Welcome and Introductions, House Keeping
Doug Dodge, Great Lakes Fishery Commission’s Habitat Advisory Board,
John Hartig, International Joint Commission’s Water Quality Board,
Hugh MacIsaac, Great Lakes Institute for Environmental Research
10:10 am. Great Lakes Aquaculture and Water Quality
Ian Smith, Ontario Ministry of Environment
10:20 am. Aquaculture Waste and Feeding
C. Young Cho, University of Guelph
10:40 am. Expected Growth of Aquaculture - U.S. Experiences
Don Garling, Michigan State University
11:00 Expected Growth of Aquaculture — Ontario Experiences
Ken Linington, Ontario Ministry of Agriculture, Food & Rural Affairs
11:20 Michigan Experiences and Lessons - Platte River Hatchery
Gary Whelan, Michigan Department of Natural Resources
Noon Lunch
The Aquaculture Protocol model was demonstrated by Deborah Brister,
University of Minnesota.
1:00 pm. Ontario Experiences and Lessons
Al Sippel, Ontario Ministry of Natural Resources
Steve Naylor, Ontario Ministry of Agriculture, Food & Rural Affairs
1:45 pm. LaCloche/North Channel Case Study
Peggy Gale, Ontario Ministry of Environment
_2:30 p.m.
2:45 p.m.
3:30 p.m.
4: 15 p.m.
Coffee break
Minnesota Experiences and Lessons
Marvin Hora, Minnesota Department of Pollution Control
British Columbia Experiences
A1 Castledine, B.C. Ministry of Fisheries
Connections-Key Messages, Issues and Common Themes from Day 1
- What are the known water quality impacts of Great Lakes aquaculture?
' What are the potential long—term impacts?
Charge for Day 2
Facilitated by Doug Dodge, Great Lakes Fishery Commission’s Habitat Advisory Board
5:00 p.m.
Adjourn for Day 1
 
Day 2
8:00 a.m.
10:00 a.m.
10:15 a.m.
11:00 a.m.
Noon
Thursday,January 28
Facilitated Discussion of Key Questions in Two Breakout Groups
(Candidate List) :
' What can be done to prevent or abate water quality impacts due to aquaculture?
Is there adequate protection under the current law? What are the various roles of
government and industry?
- Can governments ensure “no net loss” of physical and chemical habitat from new
Great Lakes cage cultures through impact predictions and modeling combined
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Roundtable Attendees
Andrew Aryee, Fisheries and Oceans Canada
Bob Baldwin, Michigan Aquaculture Association
Fred Binkowski, Great Lakes WATER Institute
Gary Boersen, Michigan Department of Environmental Quality
Jim Boraski, Ontario Commercial Fisheries’ Association
Anne Borgrnann, Environment Canada, Environmental Protection Branch
Deborah Brister, University of Minnesota
Al Castledine, British Columbia Ministry of Fisheries
C. Young Cho, Ontario Ministry of Natural Resources and University of Guelph
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Appendix 3
Great Lakes Aquaculture and Water Quality
by Ian Smith1
Ontario Ministry of the Environment, Water Policy Branch, 40 St. Clair Ave. W, 12 FL,
Toronto, ON M4V 1M2 (416)327-7714, FAX (416)327-9187, “smithia@ene.gov.on.ca”
E-mail: smithia@ene.gov.on.ca
What are the issues?
The Habitat Advisory Board of the Great Lakes Fishery Commission and the Great Lakes
Water Quality Board of the International Joint Commission have jointly organized this
roundtable to review the issue of aquaculture in the Great Lakes with respect to water quality
and quantity. The Boards have an advisory role on ecosystem quality which they exercise by
offering advice to governments and stakeholders alike. The potential impacts of cage culture
and shore-based aquaculture in the Great Lakes basin upon physical, chemical, and biological
attributes of aquatic habitat and ecosystem health are what drew the Boards to consider this
issue. During the organization of the roundtable it became clear that the issues surrounding
cage culture were particularly complex. Some of the issues for cage culture were similar to
those for land—based operations, but others were unique, largely because of the physical
setting that typically characterizes cage cultures.
The question of whether cage culture is a sustainable industry without environmental impacts
has been asked in many regions. Controversy abounds on two salt-water coasts with respect
to economic viability and habitat impacts — in the Great Lakes, water quality impacts have
recently emerged as a consideration. Representations by industry representatives suggest that
behind the hype of interest groups and controversy surrounding how governments regulate
and manage this industry exists a willingness of the industry to ensure that negative impacts
are minimized. This roundtable was organized to provide the two boards access to the
experts from both sides of the issue so that recommendations to their parent organizations
can be made. An additional consideration was to offer a forum where experts from both
sides of the border (and issue) could share insights and possibly solutions.
When traditional hatchery and aquaculture facilities are sited on land, the impacts on aquatic
habitat, water quality and water quantity are relatively simple to assess and manage. Nutrient
impacts on receiving water quality, groundwater drawdowns that reﬂect unsustainable with-
drawals, and observation of escaped ﬁsh all represent measurable impacts that can be man-
‘ This article was prepared on behalf of the Habitat Advisory Board of the Great Lakes Fishery
Commission, and does not represent the perspective or position of the Ontario Ministry of the
Environment.
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Land—based aquaculture facilities typically have to meet regulations or rules for their dis—
charge so that negative impacts are minimized. Given the ease in monitoring these facilities
and their impacts, such protection is likely to be adequate for water quality, but may have to
be re—evaluated with respect to water quantity if water shortages and a reduced water budget
in the Great Lakes basin becomes issues. Regulations or rules can specify discharge limits as
a simple means of limiting negative impacts. For cage culture facilities, the siting and design
of facilities, and their management, are ways of minimizing water quality impacts, including
practices such as cage rotation, variable feeding regimes, or low density rearing. The prin—
ciple concern for governments, in pursuit of their mandate to ensure impacts are minimized,
is that they do not traditionally have the legal ability to mandate “husbandry” practices, but
can only manage “discharges”. Ensuring that adequate protection is maintained must clearly
make a link between husbandry and “discharges” through either monitoring or modeling.
The industry and the governments both have a role in ensuring impacts are minimized, one
through creative husbandry and the other through ﬂexible rules and regulations.
3) Can governments (or the industry) ensure “no net loss” of physical and chemical habitat
from new Great Lakes cage cultures? What does the “precautionary approach” mean
for the industry?
It is generally accepted that incremental habitat (physical, chemical, and biological) loss
represents a real threat to the health of the Great Lakes aquatic ecosystem. The real gap in
knowledge to predict the impacts of seemingly minor habitat alterations upon productivity,
diversity, adaptability, and even location of native fauna remains a singularly troubling
phenomenon. One way to counter this absence of predictiveness is to “try it” and monitor
changes, fine—tuning facilities and practices until no detectable impact is perceived. This
approach however is costly in requiring regular monitoring and that the farm manager must
be responsive to making changes so as to eliminate demonstrated impacts. Another is to
develop and ﬁne—tune predictive models that can be calibrated to consider current, feed rates,
depths, bottom characteristics, ecosystem sensitivity, and other factors so that less intensive
monitoring is necessary. Another consideration is the use of the “precautionary” approach,
suggesting that in the absence of robust science, an extremely cautious approach to develop-
ing new facilities and changing husbandry or production at existing facilities be taken. The
introduction of new species and management of diseased populations are two areas with
potentially profound long—term impacts where the precautionary approach may be prudent.
Physical and chemical impacts from feed and feces are areas where a more iterative approach
may be useful.
4) What are the priority research needs?
Governments are typically a signiﬁcant contributor of the science to support management
and hence the economic viability and sustainability of the resource being developed. In the
case of the Great Lakes much can be learned from the experiences and research undertaken
to support coastal cage operations in salt water. Areas that may be valid for research include
the threat to wild fish posed by disease infecting caged or land-based operations, and the
proper and prudent use of antibiotics to ensure disease resistence is not promoted. Modeling
to facilitate siting and licensing seems a reasonable area for research, in order to predict
impacts before they must be demonstrated if the iterative approach to siting is chosen. Given
that the precautionary approach would suggest limiting new development until better cer—
tainty is obtained, the development of predictive Great Lakes models based upon monitoring
and analysis of existing facilities would seem an area where the industry can offer support
and cooperation, so that the onus does not rest solely upon the Governments.
—5) What monitoring strategies are needed and are in place?
Just what is the appropriate and necessary level of monitoring for aquaculture operations?
Existing facilities may be grandfathered with respect to their operations, but given the interest
in incremental loss and increasing pressure upon the aquatic resource, monitoring and compi—
lation of the results of this monitoring in support of modeling would appear reasonable. For
a new facility, whether cage or land—based, intensive monitoring until the facility becomes
established and the ecosystem is in balance would also appear reasonable. But what to
monitor, how often, and by who are the questions often asked. As stream beds and lake beds
in the Great Lakes basin are normally a common resource, is there any onus on “the people”
to ensure ecosystem health is regularly assessed? If the operator bears the entire responsibil-
ity, how is the monitoring undertaken, by agreement or by law? Is their sufﬁcient food safety
inspection procedures in place, as well as disease surveillance monitoring taking place? How
is the level of escapement tracked and assessed? Finally, how accessible to the public and
interested stakeholders is the monitoring information, particularly where a public and com-
mon resource is being assessed and possibly affected? Can the industry and/or governments
provide a report card on the status of the environment upon which the industry is based?
What happens next?
The workshop summary will include the perspective and response of the attendees to the
above noted questions. The two boards will review the workshop outcomeand make recom—
mendations to their parent agencies as they deem appropriate. Both boards are interested in
the existing and potential water quality impacts of land—based and cage culture operations
including nutrients and solids, and in the considerations being given to water (groundwater)
use and quantity by land-based facilities, but they are most interested in the ability of the
industry and the governments to manage aquaculture in a sustainable manner. It is likely
that the governance of the industry by all levels of government, and the role of farm manag—
ers and industry associations, will receive the bulk of the boards attention. Both boards note ,i
with interest the operation of cage cultures by Tribes and First Nations, and the special '
challenges posed in this area of governance.
As the full impacts of reduced nutrient loadings to the open waters of the Great Lakes be—
come visible through reduced wild ﬁsh production, due to successful management of farming
practices and detergents, and the altered availability of primary productivity resulting from
zebra
musse
l inva
sions,
aquacu
lture
has th
e pote
ntial
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environment. In this context it is likely that the boards will request of the governments that 1
some “common ﬂoor” in the area of policy and implementation be established in their 1;
oversight of this industry, given that the Great Lakes are a precious and shared resource, and
that water quality and quantity are essential for the sustainability of the aquaculture industry.
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Appendix 4
Nutritional Strategies for the Management of Aquaculture Wastes
by Dominique P. Bureau and C. Young Cho
Fish Nutrition Research Laboratory, Ontario Ministry of Natural Resources (OMNR) and
Dept. of Animal and Poultry Science, University of Guelph, Guelph,Ontario, N1G 2W1
E-mail: ycho@uoguelph.ca
Introduction
There is a growing consensus about the need to reduce waste production in aquaculture to
minimize the negative impacts on the environment, comply with legislation and limit self—
pollution. For many years now the Fish Nutrition Research Laboratory (OMNR/University
of Guelph) has been at the forefront of the development of nutritional strategies for the
management of aquaculture waste output and has organized three international symposia on
the topic. Three types ofstrategies have been used by our laboratory and OMNR ﬁsh
culture stations for the management of aquaculture waste output, namely feed formulation,
feed requirement prediction models, and biological approaches to waste output estimation.
Feed Formulation
Fundamental to waste management strategy is a reduction of waste at the source, namely the
diet. Pollution problems are often related to undigested carbohydrate, nitrogen, and phospho-
rus levels inefﬂuent which stimulate eutrophication. Protein and lipid are, in general, well
digested by ﬁsh and represent a minor component of solid waste. However, nitrogen excretion
resulting from dietary protein oxidation is a major component of dissolved waste. Optimizing
the protein/energy ratio in diets reduces nitrogen excretion. Application of the above prin-
ciples has led to the development of high nutrient dense (HND) diets which are both highly
digestible and nutrient/energy dense. The basic principles used in formulating HND diets are
neither new nor complicated. Firstly, very digestible ingredients with low phosphorus to
nitrogen ratio should be selected for feed formulation. Secondly, nutrients (mainly nitrogen
and phosphorus) in the diet must be well balanced as to optimize their utilization by the animal
and hence reduce dissolved waste outputs. Simply stated, the approach is to exclude poorly
digested, low energy and low protein ingredients, such as grain by-products rich in starch and
ﬁber, and to reduce reliance on high ash ﬁsh meals as protein sources. HND diets, high in both
protein and fat while maintaining a protein to energy ratio of 20-22 g digestible protein/M]
digestible energy (84—92 g/Mcal) and a digestible energy level around 20 M] (4.8 Mcal), are
very desirable for effective management of waste reduction at the source.
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Sufﬁcient data on nutritional energetics are now available to allow reasonably accurate
feeding standards to be computed for different aquaculture conditions. Bioenergetic models
were developed by our laboratory and a stand—alone multimedia program (Fish—PrFEQ) is
being developed to facilitate computation of the models. This program predicts growth and
energy, nitrogen and phosphorus retention, requirements and excretions to determine feeding
standards, waste outputs, and efﬂuent water quality.
Regardless of the feeding system or method used, accurate growth and feed requirement
models can be very valuable management tools since they may allow us to forecast growth
and objectively determine biologically achievable feed efﬁciency (based on feed composition,
ﬁsh growth, composition of the growth). These estimates can be used as yardsticks to adjust
feeding practices or equipment, compare results obtained, and help improve husbandry
practices.
Estimating Waste Output
Directly monitoring and estimating waste in efﬂuent is often an inaccurate and costly process.
Biological Methods for the Prediction of Aquaculture Waste Outputs (BMPAWO) have been
developed as simple and economical alternatives to limnological/chemical methods of esti-
mating waste outputs. Waste output loading from aquaculture operations can be estimated
using simple principles of nutrition. Ingested feedstuffs must be digested prior to utilization
by the. ﬁsh and the digested protein, lipid, and carbohydrate are the potentially available
energy and nutrients for maintenance, growth, and reproduction of the animal. The remain-
der of the feed (undigested) is excreted in the feces as solid waste (SW), and the by—products
of metabolism (ammonia, urea, phosphate, carbon dioxide, etc.) are excreted as dissolved
wastes (DW) mostly by the gills and kidneys. The total aquaculture wastes (TW) associated
with feeding and production are made up of SW and DW, together with apparent feed waste
(AFW Since direct estimation of AFW is almost impossible, best estimate can only be
obtained by comparison with theoretical feed requirement calculated with bioenergetic
models.
In summary, the nutritional strategies for the management of aquaculture waste (NSMAW)
are the best approach to reduce the waste output from the source for sustainable aquaculture:
1. DIET selection
GROWTH prediction
WASTE estimation
RATION allowance
v
i
e
w
s
?
FEEDING strategies.
Comparative studies conducted in a number of ﬁsh culture stations have shown that
BMPAWO are less expensive and yield more realistic and consistent results than chemical/
limnological methods based on continuous sampling of the efﬂuent. BMPAWO are also
more ﬂexible since waste outputs can be estimated in advance as well as for culture condi—
tions where it would be very difﬁcult to estimate waste outputs using limnological methods
(e.g., cage culture).
 Information on the procedures and models discussed here, the Fish-PrFEQ program and the
three international symposia, as well as a list of references, can be obtained from our website
www.uoguelph.ca/ﬁshnutrition.
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Appendix 5
Status and Expected Growth of Aquaculture - U.S. Experiences
by DonaldL. Garling,Jr.
Department of Fisheries and Wildlife, Michigan State University, East Lansing, Michigan
E—mail: garlingd@pilot.msu.edu
and Ted R. Batterson
North Central Regional Aquaculture Center, Department of Fisheries and Wildlife, Michigan
State University, East Lansing, Michigan.
E—mail: batters2@pilot.msu.edu
Introduction
Food and Agricultural Organization (FAO) of the United Nations deﬁnes aquaculture as the
farming of aquatic organisms, including ﬁsh, molluscs, crustaceans, and aquatic plants. Farm—
ing implies some form of intervention in the rearing process to enhance production, such as
regular stocking, feeding, protection from predators, etc. Farming also implies individual or
corporate ownership of the stock being cultivated (FAO 1996) which distinguishes aquacul—
ture from the harvest ﬁshery.
The worldwide production of aquatic organisms from all sources has increased from 95.6
million tonnes in 1987 to 121.0 million tonnes in 1996 (H.M. Johnson and Associates 1998).
Over this ten—year period, an increasing proportion of this global production is being sup-
plied by the private sector aquaculture community. In 1996, the last year for which there is
published data, almost 22% of the total aquatic production, 26.4 million tonnes, was supplied
by aquaculture. This represents almost a 150% increase (2.5 times) over the 1987 production
level of 10.6 million tonnes. The United States is a relatively minor player in the context of
world aquaculture production, accounting for a little less than 2% of the total tonnage, and
ranking only tenth in the world in terms of economic value of its aquaculture products in
1994 (FAO 1996).
United States Overview
Even though minor in a global context, U.S. aquaculture is still an important primary indus-
try, creating approximately 181,000 jobs nationwide and generating an estimated $5.6 billion
(US) annually (Dicks et al. 1996). It also exhibited considerable expansion throughout the
—19805 and 19905, more or less reﬂecting global trends in aquaculture growth. U.S. produc-
tion increased from 219,619 tonnes in 1987 to 314,657 tonnes in 1996 (Table 1), while the
farm-gate value has risen from $437.1 million (U.S.) to $885.6 million (U.S.) during the same
period (USDC/NOAA/NMFS 1998). Most of the increase in production and value during
this ten-year period is primarily due to one species, the channel catﬁsh (Ictalurus punctatus),
while the development of most other sectors of the U.S. aquaculture industry have lagged
behind (USDC/NOAA/NMFS 1998).
Table ’l. U.S. aquaculture production in tonnes (UDC/NOAA/NMFS 1998). Data for
most groups of fish/shellfish are for those produced and sold for food.
 
Year Catﬁsh Crawﬁsh Trout Baitﬁsh Oysters Salmon Other Misc.2 Total
Shellﬁshl
1987 127,232 31,752 25,513 11,794 10,853 1,825 2,826 7,824 219,619
1988 133,861 29,868 25,416 11,975 11,067 3,074 2,446 9,201 226,908
1989 155,085 29,937 25,187 10,889 10,095 3,857 2,035 11,500 248,585
1990 163,492 32,205 25,772 9,802 10,066 4,114 2,844 11,403 259,698
1991 177,297 27,481 26,954 9,608 9,359 7,599 3,411 12,312 274,021
1992 207,460 28,591 25,521 9,352 10,880 10,858 4,070 16,786 313,518
1993 208,207 25,757 24,785 9,332 11,067 11,466 5,918 11,370 307,902
1994 199,251 22,263 23,621 9,847 12,708 11,210 4,402 18,628 301,930
1995 202,706 26,375 25,371 9,870 10,533 14,204 3,148 21,206 313,413
1996 214,154 21,130 24,322 9,457 8,412 13,906 3,486 19,790 314,657
1 Other shellﬁsh includes clams, mussels, and salt water shrimp
2 Miscellaneous includes striped bass, tilapia, ornamental/tropical ﬁsh, alligators, algae, aquatic
plants, eels, scallops, crabs, and others
Overview of Aquaculture in the U.S. Great Lakes States
Aquaculture production in the eight Great Lakes states is characterized by great diversity with
numerous species of aquatic organisms being cultured by more than 1,000 producers. This
includes production of food-ﬁsh, baitﬁsh, ﬁsh for stocking recreational and ornamental water
bodies including fee—ﬁshing operations, as well asaquatic plants for food, wetland mitigation,
and water gardening. These organisms are cultured under a variety of conditions, ranging
33
 from extensive culture in natural ponds and lakes (e.g., walleye, Stizostedz'on vitreum, ﬁngerling
production and wild rice, Zizam'a aquatica) to highly intensive raceway culture and indoor
recirculating systems. Other culture systems include constructed ponds, tanks, and cage
culture (but only in inland waters).
Numerous aquatic organisms are being cultured in the eight Great Lakes states (Table 2). The
more commonly cultured types include many of those same species permitted for culture in
34
Ontario.
Table 2.
Common species currently cultured in the U.S. Great Lakes states.
Common name
Atlantic salmon3
Chinook salmonb
Coho salmonb
Brown troutb
Brook troutC
Rainbow troutb
Northern Pike
Common carp (koi)b
Tn'ploid grass carpb
Goldﬁshb
Channel catﬁsh
Blue Catﬁshb
Hybrid Striped Bassd
Largemouth bass
Smallmouth bass
Scientific name
Salmo salar
Oncorhync/zus tshawytscha
Oncorhynchus kisutc/z
Salmo trutta
Salvelz'nus fontz’nalis
Oncorhynchus mykiss
Esox lucius
Cyprinus carpio
Ctenop/Laryngodon idella
Carassius auratus
Ictalurus punctatus
Ictalurus ﬁtrcatus
Morone spp. crosses
Micropterus salmoides
Micropterus dolomieu
 
Native only to Lake Ontario;
introduced into other Great Lakes
Not native to any of the Great
Lakes
Native to all but Lake Erie where
it was introduced
White bass (Morone Chrysops) native
to all of the Great Lakes but
striped bass (Morone saxatalz's)
Bluegill Lepomis macrochims native only to the St. Lawrence
Bluegill hybrids Lepomis spp. crosses River
Redearb Lepomis microlop/zus
Black crappie Pomoxis nigromaculatus
Walleye Stizostedion vitreum
Yellow perch
Tilapia of the generab
White sucker
Fathead minnow
Golden shiner
Emerald shiner
Crayﬁsh
Wild rice
Perm ﬂavescens
Oreochromz's, Sarat/zemdon, and Tilapz'a spp.
Catostomus commersoni
Pimephales promelas
Notemigonus crysoleucas
Notropis atherinoides
Orconectes, Procambarus, and Cambarus spp.
Zz'zam'a aquatica
% 
—Unfortunately, most historical time—series data for both the quantity and economic value of
private aquaculture in these states are generally lacking. There have been some trout data that
dates back to the late 19805 collected by the US. Department of Agriculture’s National Agricul—
tural Statistics Service on four of the Great Lakes states: Wisconsin, Michigan, Pennsylvania, and
New York. However, time—series data for other aquacultural species goes back only several years
at best, and are available for only a few of the Great Lakes states. In our opinion, the data that
does exist are minimal estimates of what is actually being produced and sold, and there are
virtually no quantitative data for those nonvfood or non—sport aquatic organisms (e.g., ornamental
ﬁsh, tropical aquaria organisms, and most aquatic plants) in the Great Lakes basin. It is believed
that this sector of aquaculture is large and diffuse, and it is estimated that the value of this sector
equals or exceeds the total combined value of all food and sport sectors of aquaculture.
In response to a growing interest to quantify the size of the private aquaculture industry, the
National Agricultural Statistics Service is undertaking the ﬁrst—ever comprehensive Census of
Aquaculture for 1998. Survey forms were mailed out in December to the nation’s aquacul—
ture producers to collect data for the 1998 calendar year. The census will provide a bench-
mark of the industry’s size and diversity. Results from this census will provide the only
source of uniform, comprehensive data on production and sales of aquaculture products. The
census will be conducted every ﬁve years or as the industry requires it. The 1998 Census of
Aquaculture data will provide practical information to: (1) help producers understand their
industry and decide which species to raise, (2) facilitate program planning by aquaculture
organizations, Congress, and State governments that help aquaculture operators receive the
most for their investments, (3) assist suppliers of materials and services to allocate and distrib-
ute their goods and make other management decisions, and (4) enable policymakers to
evaluate programs affecting aquaculture production. Results from the 1998 Census of Aquac—
ulture will be available beginning in the fall of 1999 for free on the Internet at http://
www.usda.gov/nass/ and at selected universities, colleges, and public libraries.
Table 3 presents estimated values for the main types ofcultured organisms in the Great Lakes
states with most of the data being obtained through an informal survey of the industry. The
total value for all cultured organisms for 1994 and/or 1995 is at least $54.4 million (U.S.).
l
l
l
1
Table 3. Aquaculture in the US. Great Lakes States.
Farm-gate values are estimates for 1994 and/or 1995.
 
State 1994 and/or1995 Dominant Other
farm—gate value (U.S.) type
Minnesota $12,750,000 wild rice baitﬁsh, salmon/trout, walleye
Wisconsin $12,000,000 baitﬁsh trout, walleye, yellow perch
Illinois $3,000,000 channel catﬁsh largemouth bass, sunﬁsh
) Indiana $3,000,000 goldﬁsh triploid grass carp, channel catfish,
largemouth bass, sunﬁsh
Michigan $4,000,000 trout baitﬁsh, yellow perch, sunﬁsh
Ohio $2,000,000 trout triploid grass carp, bass, sunﬁsh
Pennsylvania“ $13,795,000 trout ornamental ﬁsh, baitﬁsh, hybrid striped bass
New York“ $3,867,000 oysters northern quahog, trout, baitﬁsh, salmon smolt
TOTAL $54,412,000
“Data from Spatz et a1. (1996) 35
 Future Outlook for the US. Great Lakes States
What are outlooks for the future of private aquaculture in the Great Lakes states? The poten—
tial is great, but there is cautious optimism as to how the industry will grow and expand over
the next ﬁve years and into the 21St century. There will be continued interest and support at
the federal government level, but politics and the state of the economy will dictate the magni—
tude and intensity of support for industry growth. The U.S. Department of Agriculture \
Regional Aquaculture Center program will continue, probably at its current level of funding [
of about $4 million (U.S.) per year, which is equally divided amongst the ﬁve Centers. Hope-
fully a revised National Aquaculture Development Plan will be approved deﬁning what the
federal government can and should be doing to stimulate and support a competitive and
sustainable U.S. aquaculture industry. It is also hoped that the growing interest on the part of
the private sector and by many state agencies within the Great Lakes region will continue.
Therefore, it is predicted that the industry should continue to grow, particularly for some of
the emerging species such as yellow perch, walleye, hybrid striped bass, and tilapia. There
appears to be good potential for growth in the recreational ﬁshing sector. Production of bait
for angling, ornamental ﬁsh and plants for water gardening, or stocking of public waters
through privatizing the state and/or federal hatchery operations system, are all potential
scenarios for restructuring of the region’s aquaculture industry.
Organization of Regulatory Policies and Industry Associations
Although private aquaculture has been practiced in some fashion in most of the region for
nearly a century, it is only in the last twenty or so years that there has been serious interest by
regulators and industry groups in coordinating this activity. Currently, all US. Great Lakes
states have private sector aquaculture associations and most have either interagency advisory
committees or task forces dedicated to promoting, managing, or improving coordination of
the numerous client groups which interact with this industry (Table 4). Five of the eight states
have legally deﬁned aquaculture as agriculture and in the other three states aquafarming is
recognized as being an agricultural activity. Aquaculture plans have been developed for
Wisconsin, Illinois, Indiana, and New York. In all states, there has been formal, enabling
Table 4. Status of the aquaculture industry and policy development for the
Great Lakes states.
          
3 Stage of policy development MN WI IL IN MI OH PA NY
Aquaculture association J J J J J J J J }
Advisory committee/task force J J
Deﬁned in statutes as agriculture J J J J ?
Aquaculture plan J J
Enabling legislation J J J J J J J J
36
_Table 5. Current regulatory environment in the Great Lakes states.
 
Regulatory policies“ MN WI IL IN MI OH PA NY
Permit required for private culture J J J J J J J J
‘ Wholesale or transportation J J J J J J J
1 permit required
List of allowable species J J J J J J
Allowable species determined J J
on a case—by—case basis
Permit required for importation J J J J J J J J
Import of certain species prohibited J J J J J J J J
         
3 Where the regulation is enforced on a case—by-case basis, only for certain species, or can be modiﬁed, the
state/province designation is underlined.
legislation passed pertaining speciﬁcally to aquaculture. Michigan has passed an Aquaculture
Development Act in 1996 and a bipartisan bill was introduced to the Pennsylvania legislature
in 1997 which deﬁnes aquaculture as agriculture and calls for the development of a state plan
for the industry.
All states require a permit for the private culture of most aquatic animals and many aquatic
plants (Table 5). These permits are either issued by a natural resource agency or a depart-
ment of agriculture. All states usually require a permit for importation (although there are
numerous exceptions to this general rule), and there are federal importation regulations for
salmonids that are predicated on controlling the spread of pathogens which can impact either
wild or farmed ﬁsh. All states prohibit the importation of certain species of aquatic organ—
isms, but speciﬁc, prohibited species vary from state to state.
For the relatively small size of the aquaculture industry in the Great Lakes region, there
is a disproportionately large infrastructure of federal and state agencies, in consultation
with private sector groups, involved in the management of various pieces of legislation,
regulations, and other policy matters affecting the industry. This owes to the seemingly
complex nature of a business which spans a wide array ofresource, food safety, animal
l health, and environmental issues to name but a few. In concert with the rapid expansion of
I production which has occurred over the last decade and the good potential for future growth,
it is likely that regulatory constraints will become even more pervasive, rather than less,
which may represent the singularly largest constraint to sustainable growth of aquaculture
into the next decade. This fact underscores the need for government and industry to main—
tain open and collegial negotiations to resolve various issues as aquaculture in this region
makes the transition from a small to a moderate—scale farming activity in the Great Lakes
watershed. ~
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o c
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APPENDIX 6
Expected Growth of Aquaculture: Ontario's Experience
by Ken Linington, Steve Naylor, and Lorne Widmer
Ontario Ministry of Agriculture, Food and Rural Affairs,
1 Stone Rd W, Guelph, ON NlG 4Y2
E—mail: lwidmer@omafra.gov.on.ca snaylor@omafra.gov.on.ca
Introduction
In On
tario
, fis
h cul
ture
has
been
pract
iced
since
the t
urn o
f the
20d1
cent
ury b
y the
provi
ncial
gove
rnme
nt,
main
ly fo
r lak
e an
d str
eam s
tocki
ng.
Fish
cultu
re r
emai
ned
exclu
sivel
y a g
ov—
ernm
ent
ende
avou
r unt
il 19
62 w
hen
chan
ges
to On
tario
’s G
ame
and
Fish
Act
allo
wed
the
priva
te se
ctor
to ra
ise a
nd se
ll ra
inbo
w an
d br
ook
trout
for h
uman
cons
umpt
ion
or fo
r sto
ck—
ing p
urpos
es, a
nd s
mall
mout
h an
d la
rgem
outh
bass
for s
tocki
ng on
ly.
Since
then,
the c
om—
merci
al aq
uacul
ture
indus
try h
as gr
own.
In 1
995,
regul
atory
chan
ges w
ere
made
to ma
ke
over
40 s
pecie
s eli
gible
for a
quacu
lture
in On
tario
. In
1997,
3,725
tonn
es of
trout
were
produced in approximately 200 facilities with a farm gate value of about $16 million
(Cdn.)(Moccia and Bevan 1998).
Currently, rainbow trout accounts for over 95% of the production output from Ontario
aquaculture. Other species such as tilapia, arctic char, baitﬁsh, and bass are also produced
comm
erci
ally.
Most
aquac
ultur
e fac
ilitie
s are
locat
ed in
sout
hern
and
centr
al On
tario
, th
ough
there has been expansion in northern Ontario, particularly in the waters of Georgian Bay.
The province has a number of competitive advantages to expand the industry in the near
future. Whether or not this potential is achieved will depend on various factors, including
government regulatory action, investments by the private sector, currency exchange rates and
competition from other jurisdiction.
Growth Potential of Ontario’s Aquaculture Industry
Factors supporting growth in Ontario’s aquaculture industry include:
' the industry is well-situated to serve the live fish or freshly-harvested fish markets in
eastern Canada and the north-eastem and the mid-western United States;
- a stable consumer market exists for fish and fish products;
 - Ontario has abundant water resources for both land-based and off-shore cage culture
operations with potential for increased cage production on the Great Lakes;
- the Ontario aquaculture industry enjoys good access to equipment, services, and sup-
plies, plus a high level of technical and scientific expertise within the university and
industrial communities;
- there is government support for the industry through research, extension, and educa-
tional activities and by direct assistance through business management, leadership
training and export marketing programs;
0 some areas of the province and some First Nation groups view aquaculture as an oppor-
tunity for economic development and job creation; and
0 health benefits occur from consuming high fat, cold-water fish (e.g., trout).
Potential by Species
Many salmonid species have been cultured in Ontario over the past decade. Species such as
Atlantic, Chinook, and Coho salmon have little production potential in Ontario because of
the low cost of production from cage farms in the marine environment. Brook and brown
trout will have a continuing demand for pond stocking and ﬁshing clubs. The two species of
salmonids with strong growth potential are rainbow trout and Arctic char.
Rainbow trout will continue to be the mainstay of Ontario’s aquaculture production over the
next decade. A large potential market for fresh Ontario rainbow trout boneless fillets exists
within the north—eastern and north—central United States. Increases in Ontario’s trout produc—
tion will come from new cage culture sites and from pump—ashore systems. In the near
future, the private sector will be cautious in developing new cage culture sites until the policy
and regulatory environment becomes clearer.
Several groups are currently investigating large-scale, pump—ashore production systems.
These land-based raceway or circular tank systems are located beside a large body of surface
water and pump large volumes of water through the production systems. Opportunities also
exist for production of rainbow trout in land—based production systems diverting water from
streams dammed for power generation, generally located in northern Ontario. Under opti—
mum conditions the rainbow trout industry in Ontario could double production within the
next 5 years. This could result in the creation of 200 direct and indirect jobs.
Arctic char production in Ontario has gradually increased since culture of these species by
the private sector was allowed in 1995. Arctic char is a relatively new species in the market
place and because of the supply-limited situation, it commands a premium price, typically
one and a half times the wholesale price of trout.
Two factors have limited the rapid growth of the Arctic char farming industry in Ontario.
Reproductive efﬁciency has been lower than experienced for the domesticated trout species
and the private sector has been unable to get licenses to culture char at new locations because
of concerns over escapement. Nevertheless, the production of char was about 114 tonnes in
1998 with signiﬁcant increases expected in 1999 due to two large Arctic char production
facilities coming on‘line in Northern Ontario.
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The production of non—salmonid species for food was not allowed until regulatory changes to
the Game and Fish Act in 1995. Changing demographics in the Greater Toronto Area over
the past decade have provided a tremendous increase in the demand for live non—salmonid
ﬁsh. Recent surveys of some of the ﬁsh importers has revealed that live ﬁsh imports from
aquaculture producers in the United States exceeds 10,000 tonnes annually. There are signiﬁ—
cant opportunities for ﬁsh farmers in Ontario to displace some of the imports from the
United States. Given the current Free Trade environment and the free movement of live
non—salmonids across the border, the exchange rate will continue to have an inﬂuence on the
cost competitiveness of imports and exports from and to the United States. Non-salmonid
species that offer increased production potential in Ontario include: tilapia, striped bass,
largemouth bass, yellow perch, walleye, and white sturgeon.
Summary
There are signiﬁcant opportunities for Ontario’s aquaculture industry in the next decade.
Ontario has abundant supplies of high quality water, ready access to large domestic markets,
and a well-developed industrial infrastructure. With the current favourable exchange rates
for exports, Ontario is in the enviable position to take advantage of the large markets for
boneless trout ﬁllets in the north eastern and north central United States. Other species also
show growth potential. Under optimal conditions, Ontario’s total aquaculture production
could reach 11,000 tonnes in ﬁve years.
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Appendix 7
Managing Effluents from an Intensive Fish Culture Facility:
The Platte River StateFish Hatchery Case History
by Gary E. Whelan1
Fish Production Manager, Michigan Department of Natural Resources — Fisheries Division,
PO. Box 30446, Lansing, Michigan 48909
E—mail: whelang@state.mi.us
Introduction
The Michigan Department of Natural Resources (Department) has operated a ﬁsh culture
facility on the Platte River near Honor, Michigan since 1928. This facility has been involved
in a long—term dispute concerning the effects of the hatchery on the Platte River watershed, in
particular Big Platte Lake. There are many lessons to be learned from this experience con-
cerning: the effects of ﬁsh culture operations on aquatic systems in the Great Lakes; the
operation of a facility; and how to deal with efﬂuent problems from intensive culture facili-
ties. The objectives of this case history talk are: 1) to discuss the history of the Platte River
State Fish Hatchery efﬂuent problem; 2) to discuss the effects of efﬂuents, both real and
perceived, on natural systems; and 3) to discuss the measures taken and proposed to correct
this problem.
Site Description
The Platte River State Fish Hatchery is located near Honor, Michigan in the northwest part
of the Lower Peninsula. Deep glacial outwash deposits and extensive groundwater resources
characterize this area. The hatchery is located at river kilometer 29.0 upstream from Lake
Michigan and is upstream of a large inland lake, Big Platte Lake. The hatchery uses strictly
surface water from the Platte River (466 million liters daily), Brundage Creek (26.5 million
liters daily), and Brundage Spring (6.4 millions liters daily).
The facility was established as a trout rearing station in 1928 with an annual production of
approximately 10,000 kg. During the period from 1966 to 1972, the facility was renovated to
support the Department’s Great Lakes salmon program and currently produces 62,000 kg
annually using between 40,000 to 80,000 kg of food. The facility is currently the main coho
 
1 The Views represented in this extended abstract do not necessarily represent the ofﬁcial positions of
the Michigan Department of Natural Resources.
43
  
 44
salm
on e
gg ta
ke lo
catio
n in t
he Gr
eat L
akes
and p
rodu
ces m
ost
of th
e coh
o an
d ch
inoo
k
salm
on n
eede
d by
the D
epar
tmen
t’s
Grea
t Lak
es ﬁ
sher
y ma
nage
ment
prog
ram.
The
curre
nt
prod
ucti
on ta
rgets
for t
he fa
cility
are t
wo mi
llion
coho
salm
on at
36/k
g and
ﬁve m
illio
n
Chin
ook s
almo
n at
220/
kg.
Addit
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ly, s
urplu
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the l
ower
river just above Lake Michigan.
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ge tr
eatm
ent p
ond,
two hectares in size. The Platte River is a very stable river system because of the underlying
glacial geology of the system with moderate natural productivity as measured by alkalinities
between 100—200 mg/ L. The river has a mean discharge of 3.8 m3/sec, a 10% exceedence
discharge of 4.4 m3/sec and a 90% exceedence discharge of 3.2 m3/sec. The river ﬂows
another 17.7 km to Big Platte Lake then on to Lake Michigan.
The waterbody that has been most effected by the operation of the Platte River State Fish
Hatchery is Big Platte Lake, 16 km downstream of the hatchery. This lake is a 10.6 km2
natural lake with a502 km2 watershed that is 93% undeveloped. It has a mean depth of 7.7
meters with a maximum depth of 29 meters. The lake is classiﬁed as oligo—mesotrophic with
low nutrient concentrations, low algal productivity, and low dissolved oxygen in bottom
waters during the summer. The water residence time has been calculated at 5.9 months.
Big Platte Lake Water Quality Problem
Currently, this lake has seasonal transparency problems because of calcium carbonate (cal—
cite) formation. These “whiting” eventsoccur most dramatically during periods of hot, calm
weather in the late spring and result in high alkalinity concentrations that cause calcite forma-
tion, which drive down secchi disk readings to less than one meter. Local residents, as
represented by the Platte Lake Improvement Association (PLIA), have in court depositions
stated that these events did not occur prior to the reconstruction of the Platte River State Fish
Hatchery and transparencies were usually greater than three meters. They have also stated
that symptoms of eutrophication such as reductions in crayﬁsh populations, disappearance of
sensitive vegetation (bulrushes), reductions in mayﬂy hatches, the occurrence of dark polluted
matter on docks and boats, and ﬁshing becoming worse have occurred because of the efﬂu-
ents from the hatchery. Historic scientiﬁc data on these charges are lacking to support these
statements and this case history really points to the need for more monitoring of surface
waters near ﬁsh culture facilities.
Phosphorus has long been understood to be a limiting factor in plant growth in aquatic systems.
It is also known that excessive algal blooms can produce major shifts in pH and can change the
carbonate balance in lake systems. Thus, it is possible that efﬂuents from the watershed could
be related to the above noted problems in Big Platte Lake. Watershed loadings to this lake were
as high as 3,260 kg annually in the late 19705 with the hatchery contributing 1,360 kg of this
load and this loading is capable of causing water chemistry changes.
Overall, there are four potential sources in the watershed: nonpoint sources; hatchery efﬂu—
ents; salmon smolts stocked by the hatchery that die in the outmigration; and returning
unrecovered adult salmon that die in the river system. Nonpoint watershed inputs of phos-
phorus have decreased from 4,100 kg annually in the 19705 to 2,000 kg in the late 19903 and
all sides agree on this trend. Presently, the Department annually stocks an average of 787,000
coho salmon smolts that weigh 22,477 kg into the Platte River. Some of these smolts die on
their outmigration downstream or are eaten by predators. The loadings from this source are
in dispute as PLIA estimates that the phosphorus contribution from this source to be 18.2 kg/
year or greater and the Department estimates this source to be under 6.8 kg/year. There is
also a sizable difference of opinion on the availability of this source to Big Platte Lake.
A number of adﬂuvial species return to the Platte River each year, but all of the attention has
been focused on coho and chinook salmon. The total run of chinook salmon to the Platte River
averaged 5,100 ﬁsh prior to 1988 and 3,500 since 1988. Only 450 of these ﬁsh are allowed to
pass the lower weir facility annually with a total weight of 2,300 kg (10.3 kg of phosphorus).
Annually, a total of 150 of these ﬁsh are harvested at the upper weir at the hatchery and angler
harvest is estimated to be 70% of the unaccounted ﬁsh. The total run of coho salmon to the
Platte River averaged 105,000 ﬁsh prior to 1988 and 47,000 since 1988. Only 20,174 of these
ﬁsh are allowed to pass the lower weir facility annually with a total weight of 59,920 kg (236 kg
of phosphorus). Annually, a total of 14,400 of these ﬁsh are harvested at the upper weir at the
hatchery and angler harvest is estimated to be at least 80% of the unaccounted ﬁsh. PLIA
claims that salmon carcasses are responsible for 100 kg of phosphorus annually to the Platte
River system and the Department estimates 19.3 kg annually. There is also a sizable difference
of opinion the availability of this source to Big Platte Lake.
Platte River State Fish Hatchery Court Case
By the 1980s, the local residents of Big Platte Lake came to the Department to express their
concerns with the water quality of the lake. They pointed out that these problems did not
occur prior to the reconstruction and expansion of the Platte River State Fish Hatchery. After
meeting with the Department, the local residents did not see, nor were they made aware of,
any major steps to improve the situation. Additionally, while this facility did have a National
Pollutant Discharge Elimination System (NPDES) Permit issued by the Department, it did not
control phosphorus discharges until the 1980 permit. It is the only controlled point source on
the watershed. So there was a clear perception in the early 19805 that the Department
ignored Big Platte Lake problems and did not adequately control efﬂuents from the Platte
River State Fish Hatchery.
Given the Department’s lack of movement on the issue, the PLIA sued the Department
under the Michigan Environmental Protection Act (MEPA). PLIA made the following
points: the draft 1985 NPDES permit level of 636 kg phosphorus annually was not protec-
tive; not all sources of phosphorus were monitored or considered and that weirs, smolt
stocking and hatchery discharge are all sources; and the Department was not actively taking
steps to limit phosphorus inputs to the Platte River system. In 1988, the court agreed with
the residents that the Department was polluting, impairing, and destroying Big Platte Lake
and would continue to do so, and required signiﬁcant changes in the operation of the facility.
In the 1988 court opinion, the Department was required to: reduce the 1988 loading of 420
kg annually with the intent of maintaining a Big Platte Lake phosphorus standard of 8 pg/L;
feed ﬁsh low phosphorus food (<1.0°/0 phosphorus); deepen the treatment ponds and improve
the waste removal system; hire a court master to oversee the court order; and stop the
migration of salmon at the lower weir. The migration part of the order was later modiﬁed to
allow the Department to pass at the lower weir the ﬁrst 20,000 ﬁsh, then 1,000 ﬁsh per week
from August 15 to December 15. In response to the court order, the Department dredged
the treatment pond in 1990; switched entirely to low phosphorus diets; installed a solids
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Results of Court Actions
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Conclusions and Discussion
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uptake. Salmon migrations were stopped at the lower weir in 1992 and no changes in
 watershed loadings of phosphorus were seen, thus this measure is not a clear solution to the
problem. The court master concept did not work well because of a lack of clear direction
and goals for the court master; a lack of knowledge about phosphorus cycling; and personal—
ity conﬂicts between the court master and the parties. Overall, the Department has spent
over $2 million (U.S.) on the court case and the court master in the last ten years.
Current Status and the Future
Given the current improvements in Big Platte Lake, the Department applied for and received
a new NPDES permit from the Department of Environmental Quality in 1998. The permit
restricts the use of water to 166 million liters per day, the discharge of phosphorus to 200 kg
per year with no more than 55 kg in any three months, and the discharge of total suspended
solids to 1,000 kg daily (4-6 mg/ L). We are also required to test for antibiotics in the efﬂuents
in response to concerns by local residents and the National Park Service. This permit is
being contested by the local residents and is in administrative proceedings at this time.
Many things are still unresolved in this matter and the court case continues. Unresolved
issues include: the effects of salmon smolt and adult carcasses on the phosphorus budget in
this watershed which will impact the expenditure of $2 million (U.S.) on a lower weir egg
take facility and how the Department will manage stockings on this system; the phosphorus
loading target and how to measure it; the maximum water use; the redesign of the hatchery
to reduce phosphorus loads even if the effect is not measurable; and whether the NPDES
permit is valid given the ongoing court proceeding. If we can resolve the above issues, we
can do more to reduce efﬂuents from this facility as we have obtained $5 million (U.S.) in a
capital outlay from the legislature to renovate the Platte River State Fish Hatchery. This
commitment is contingent on bringing the court case to closure, as we must have certainty on
what is required.
Finally, where dowe go from here? First, we must bring the court case to closure to allow us
to use the capital outlay funds to renovate the hatchery and to use these court related monies
for other improvements. Second, we need to renovate Platte River State Fish Hatchery to
further reduce efﬂuents which will likely include partial reuse proposals to reduce efﬂuent
volumes, microscreening to reduce escapement of solids, and better vegetation management
in the treatment pond using artiﬁcial wetlands and emergent plant processing to increase
phosphorus capture. Third, we need to examine efﬂuent treatment at all of our facilities to
ensure that we do not impair the public trust resources we are charged to manage for the
citizens of the State of Michigan.
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APPENDIX 8
Aquaculture - Experiences and Lessons:
Ontario Ministry of Natural Resources
by Alan Sippel and Mark Muschett
Fish Culture Section, Fish and Wildlife Branch, Ontario Ministry of Natural Resources, PO
Box 7000, 300 Water Street, Peterborough, Ontario, Canada K9] 8M5
E-mail: Sippelal@g0v.on.ca
In Ontario, ﬁsh culture has been practiced since the turn of the century by the provincial
government, mainly for lake and stream stocking. Fish culture remained exclusively a
government endeavor until 1962 when changes were made to Ontario’s Game and Fish
Act. This allowed the private sector to raise and sell rainbow and brook trout for human
consumption or for stocking purposes, and smallmouth and largemouth bass for stocking
only. In 1995, the regulations were changed to make over 40 species eligible for aqua—
culture.
Aquaculture or ﬁsh farming is a small but growing industry in Ontario. The province is well-
suited for aquaculture because of its abundant high—quality water resources and its proximity to
large markets in Canada and the United States. In 1997, some 4,250 tonnes of rainbow trout
were produced in approximately 200 facilities with a farm gate value of about $23 million
(Cdn.). This results in an estimated $65 million (Cdn.) contribution to the provincial economy
and creates over 500 person-years of employment. Rainbow trout are the predominate species.
Other species, including tilapia, arctic char, bass, and baitﬁsh, are also produced commercially,
but to a much lesser extent (total production value about $1 million (Cdn.)).
Most aquaculture facilities are located in southern and central Ontario, though there has been
expansion in Northern Ontario, particularly in the waters of Georgian Bay and the North
Channel of Lake Huron. The industry is comprised of numerous small—scale, essentially part—
time operations, with fewer mid—sized and large-scale operations. Based on 1996 industry
statistics, about 80% of the production total for the entire province came from only 8 large
farms and 91% of production came from 20 farms. The best available estimates suggest that
cage culture accounts for 70% of provincial production. Land-based ponds, circular tanks
and raceways, as well as cages located in public waters, reﬂect the range of production tech-
nology used in aquaculture.
The Ontario Ministry of Natural Resources (OMNR) operates 10 provincial ﬁsh culture
stations to culture ﬁsh for stocking. The stations are geographically distributed across the
province. Lake trout, brook trout, and splake are the primary species but rainbow trout,
brown trout, coho salmon, Chinook salmon, Atlantic salmon, Whiteﬁsh, and walleye are also
produced. OMNR facilities produce between 8 and 10 million ﬁsh per year.
More than 12 federal and provincial agencies and 30 pieces of legislation potentially impact
on the aquaculture industry.
OMNR is the main licensing and permitting agency.
OMNR
issues the Aquaculture Licence which regulates where aquaculture can occur and which
species can be cultured at any given location.
Other licence conditions include a require—
ment to report speciﬁed disease
agents, a requirement to maintain
escape—prevention
devices,
and a requirement to report escapes above a speciﬁed number.
For cage culture operations,
there is also a licence condition to monitor and report on speciﬁed water quality parameters.
Although there is a requirement to report the presence of speciﬁed disease agents, there is no
requirement to monitor for those agents.
The water quality monitoring and reporting re—
quirements are being developed by the Ontario Ministry of the Environment (OMOE).
OMNR
also administers the Public Lands Act which governs the use of Crown or public
lands in Ontario.
A
Land Use Permit is issued to provide a degree of tenure to cage culture
operations on public waters.
Land-based ﬁsh culture operations that use more than 50,000 liters of water per day must
obtain a Permit to Take Water from OMOE.
OMOE
is also responsible for issuing the
Certiﬁcate of Approval to Discharge which regulates the quality of water being discharged
from a culture facility.
Neither the Permit to Take Water nor the Certiﬁcate of Approval to
Discharge apply to cage culture operations.
Fisheries and Oceans Canada reviews proposals for cage culture operations to ensure that
ﬁsheries habitat concerns are protected.
Canada Coast Guard must also review and approve
cage culture operations from a navigation safety perspective.
Drug and chemical use at ﬁsh culture facilities is regulated by Agriculture and Agri—Food
Canada through the Feeds Act and Pest Control Products Act and by Health Canada through
the Food and Drug Act.
A survey of commercial aquaculture operations suggests that very
little drug and chemical use is occurring.
OMNR ﬁsh culture facilities approached the problem of improving efﬂuent water quality by
focusing on feed quality and diet design, as well as feeding practices. Substantial improve-
ments in efﬂuent water quality were achieved by reducing the phosphorus content, using
highly digestible feedstuffs in the ﬁsh feed, and by reducing feed wastage. Also, OMNR has
modeled ﬁsh growth, feed and oxygen requirements, and waste production for critical water
quality parameters. A computer program, Fish-PrFEQ, is under development for use as a
hatchery management tool, to assist with controlling waste outputs from ﬁsh hatchery opera—
tions. A test version of this model is available on the Internet at www.uoguelph.ca/
ﬁshnutrition/.
Furthermore, all OMNR ﬁsh hatcheries monitor efﬂuent water quality. Most stations con—
structed or substantially modiﬁed since 1988 have had efﬂuent treatment facilities installed
and are required to report this information to the OMOE as a condition of their Certiﬁcates
of Approval to Operate Sewage Treatment Works. All stations are expected to meet OMOE
compliance limits for phosphorus and solids as the minimum standard of efﬂuent water
quality.
OMNR, in collaboration with the University of Guelph and cooperating institutions in other
countries, has co-hosted a number of international symposia concerning the development of
environmentally-responsible aquaculture. Industry approaches to mitigation are discussed
elsewhere.
Suggestions for improving the ability to improve water quality protection include:
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° establishing more proactive legislation and policies;
- improving interagency cooperation;
- actively seeking industry input;
- defining science needs and finding ways to act on those needs;
° adopting an adaptive management approach in some situations;
- improving education, awareness and training; and
° recognizing that many issues will be site specific and that “broad brush” standards may
not always apply.
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APPENDIX 9
Water Quality Impacts from Aquaculture Cage Operations in the
LaCloche/North Channel of Lake Huron
by Peggy Gale
Ontario Ministry of Environment, 199 Larch St. Suite 1101 Sudbury, Ontario, P3E 5P9
E—mail: galepe@ene.gov.on.ca
Objective
The objective of this presentation is to share preliminary results of Ontario Ministry of
Environment’s (OMOE) water quality surveys around cage aquaculture operations in the
North Channel, Lake Huron with participants of the Roundtable on Water Quality Impacts of
Great Lakes Aquaculture. The presentation will include a brief history of OMOE’s role and
discuss some of the regulatory challenges in meeting OMOE’s mandate to “protect water
quality” and surface water goals to ensure that the surface waters of the Province are of a
quality which is satisfactory for aquatic life and recreation (OMOE 1994).
Scope
Water quality data were collected from nine rainbow trout cage operations in Lake Huron;
six from the North Channel, two from Manitoulin Island (Lake Wolsey and Robert’s Bay) and
one from Depot Harbour, Parry Sound, see Figures 1 and 2.
Lake Huron is a dilute, oligotrophic, low productivity lake which is sensitive to nutrient input.
Historic Environment Canada water quality data indicate the North Channel averaged total
phosphorus of <5pg/L, total Kjeldahl nitrogen 0.150 pg/L and dissolved oxygen levels >5mg/
L, one meter above bottom (Stevens et a1. 1985).
Background
Aquaculture cage activities began in Northern Ontario in the early 1980s. At this time, sites
required a Certiﬁcate of Approval for sewage works, under Section 53(1), Ontario WEzter
Resources Act.
In the mid 1980s, OMOE did water quality impact assessments around three operations.
At that time it was found that there was minimal impact around the cages, that surface water
met Provincial Water Quality Objectives (PWQO) and that there was localized sediment
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—impairment immediately beneath the cages (Bowman 1984; Carbone 1985; Linquist 1986).
Cautions were expressed at the time that these studies were conducted under low productiv-
ity levels (1-50 tonne ﬁsh) and that if production levels increased, impacts would be greater.
There was a need for consistency in regulating this industry and a need to develop an appro-
priate method to determine the waste efﬂuent quality and assess assimilative capacity of
receiving waters (Conroy 1983).
Early water quality monitoring conditions required the industry to collect monthly composite
samples upcurrent and downcurrent from the cages and analyze for total phosphorus and
total suspended solids (TSS). The downcurrent total phosphorus was not to exceed back-
ground (upcurrent) by 50% and T88 was not to exceed background (upcurrent) by 100%.
There were no requirements for dissolved oxygen proﬁles nor secchi disc readings at that
time.
In 1994, OMOE’s legal branch advised Regional staff that a Certiﬁcate of Approval did not
apply because there were no sewage “works”, wastes were neither collected nor treated.
Ontario Ministry of Natural Resources (OMNR) then became the lead permitting and licenc-
ing agency of the Provincial government. The industry continued to grow in number of sites
and expansions at existing sites. OMOE worked with OMNR to get water quality monitor-
ing requirements on the Land Use Permit, offering the industry a “one—window” approach to
Provincial requirements.
Current
In the mid—1990s, the public expressed concern regarding the expanding cage aquaculture
industry in the North Channel. Public complaints were being received regarding algal
growth in the LaCloche Channel. In September 1997, OMOE conducted an inspection of
two aquaculture operations in the LaCloche Channel, referred to as Grassy Bay and the
LaCloche site.
Grassy Bay exhibited good dissolved oxygen levels inthe stratiﬁed deeper waters (5.2 mg/L
dissolved oxygen and water temperature 7°C). Some dissolved oxygen depletion occurred
directly beneath the cages in the bottom 2 meters (1.6-2.8 mg/L dissolved oxygen), but the
system was still aerobic. Total phosphorus levels ranged 6—10 pg/L (PWQO, 10 pg/ L).
LaCloche site had similar water temperatures 20°C surface to 7°C bottomand the basin was
stratiﬁed. Dissolved oxygen levels were poor: surface to 12 meters depth were 5—9 mg/L
dissolved oxygen, depths greater than 13 meters had 0 mg/L dissolved oxygen (maximum
depth 41 meters). The anoxic conditions encompassed the entire hypolimnetic volume over
a 250 ha area. Total phosphorus levels ranged from 16-26 pg/L in September and averaged
40 pg/L in October 1997. Secchi disc readings were reduced and an algae bloom was visible.
An August 1985 OMOE survey of the forebay of this area, found hypolimnetic dissolved
oxygen levels of >5 mg/ L near bottom and total phosphorus levels of <5 pg/L. PWQO for
total phosphorus are 10 pg/L (for a high level of protection in waters typically below this
level). OMNR manages this area as a cold water ﬁshery and the PWQO for protection of
cold water ﬁshery is 6 mg/ L dissolved oxygen at 10°C or 54% saturation. The combination
of anoxic conditions and high phosphorus loadings resulted in additional phosphorus release
from the sediments.
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may not be typically below 10 pg/L phosphorous; therefore, a PWQO of total phosphorus of 20 pg/L would
apply for this site.
 Figure 3. LaCIoche two meter site contours, maximum depth 41 meters (135 feet).
  
efﬂuent would be diluted quickly, but may have been washed further aﬁeld. “Control” loca—
tions could be compromised. This emphasized the need for accurate background pre-opera—
tional data, including dissolved oxygen proﬁles from surface to bottom during stratiﬁcation.
Environment Canada’s Lake Huron 1980 cruise data provided historical data for comparison.
Zone 1 (Grassy Bay) and Zone 19 (Frazer Bay) covered most of the cage locations with
background total phosphorus levels of 4 and 4.8 pg/L and total Kjeldahl (TKN) levels 0.2 and
0.4 pg/L, respectively. 1998 sampling by OMOE showed an increase in total phosphorus
and TKN levels around the perimeter of the cages when compared to historic 1980 Environ-
ment Canada data.
Current action is focusing on individual site speciﬁc effects. Consideration must also be given
to the cumulative effects of these operations. Cho (1998) estimates waste output and efﬂuent
quality from rainbow trout operations to be: total phosphorus 5.11 kg, nitrogen 30.64 kg, and
solid waste 164.3 kg per tonne of ﬁsh produced (this is based on low phosphorus feed and
best management practices). Estimated yield from eight sites in North Channel and one site
in Depot Harbour is 3,000 tonnes of rainbow trout. Based on Cho (1998), this would yield an
appr
oxim
ate
load
ing o
f 15
tonn
es to
tal p
hosp
horu
s, 9
0 ton
nes n
itrog
en, a
nd 5
00 t
onne
s sol
id
waste per year. The industry predicts the production level will double in the next decade
(possible 30 tonnes phosphorus loading).
The 1978 Great Lakes Water Quality Agreement states that objectives for Lake Huron are to
maintain oligotrophic state and relative algal biomass with a lake-wide target load for total
phosphorus of 4,360 tonnes. In 1980, total estimated phosphorus load to Lake Huron was
55
 
—References
Bowman, AB. and]. Linquist. April 13, 1984. Cage Culture Monitoring Programs 1983. Technical
Memorandum. Ontario Ministry of Environment, Sudbury, Ontario.
Carbone,J. Nov. 5, 1985. Cage Culture Monitoring Programs, 1984. Technical Memorandum.
Ontario Ministry of Environment, Sudbury, Ontario.
Cho, CY. and DP. Bureau. 1998. Development of bioenergetic models and the Fish-PrFEQ software
to estimate production, feeding ration and waste output in aquaculture. Aquat. Living Resour.
11(4):199—210.
Conroy, N. Dec. 8, 1983. Approvals Process for Cage Culture Operations. Memorandum. Ontario
Ministry of Environment, Sudbury, Ontario.
Dolan, D.M., N.D. Warry, R. Rossman, and TB. Reynoldson. 1986. Lake Huron 1980 Intensive
Survey Summary Report — Report to the Surveillance Work Group. Windsor, Ontario.
InternationalJoint Commission. 1987. Revised Great lakes Water Quality Agreement of 7976’.
Linquist,]. Sept. 24, 1986. Cage Culture Monitoring Programs 1985. Technical Memorandum.
Ontario Ministry of Environment, Sudbury, Ontario.
Ontario. 1994. Ontario Water Resources Act, RSO 7990.
Ontario Ministry of Environment, 1994. Water Management Policies Guidelines Provincial Water
Quality Objectives of the Ministry of Environment and Energy.
Stevens, R]. M.A.T. Neilson, and ND. Warry. 1985. Water Quality of Lake Huron - Georgian Bay
System. Environment Canada, Scientiﬁc Series No. 143.
57
  
58
Appendix 10
Minnesota's Experience with Net Pen Aquaculture in Mine Pit Lakes
by Marvin E. Hora
Minnesota Pollution Control Agency, 520 Lafayette Road, St. Paul, Minnesota 55155
E-mail: marvin.hora@pca.state.mn.us
Introduction
Minnesota Aquafarms, Inc. established a large—scale net pen salmon and trout culture facility
near Chisholm, Minnesota in 1988. The aquaculture facility was located in an area which
previously had been extensively mined for iron ore. The strip mining activities resulted in
the development of several large, deep pits. The pits had to be continuously dewatered
during mining operations to prevent the inﬂow of groundwater from interfering with mining
activities. In some respects these large pits could be viewed as very large open wells. The
mine pit lakes are very different than natural lakes for many reasons. Mine pit lakes in the
project area range from 30—120 meters in depth, have very small watersheds, have very small
surface areas, have very short fetches, and are ﬁlling up with groundwater in some cases at
rates of several meters per year. Typically these lakes have very low nutrient concentrations,
have very deep water clarity, and are meromictic. Shorelines and lake slopes are very steep,
lack vegetation, and are highly erodible. Since a number of the mine pits were very close
together, in many cases the pits were linked by mineshafts or tunnels. Sometimes the tun—
nels or shafts were collapsed upon closure of the mine, but even so, the fractured nature of
the rock allowed for interchange of water between pits. Some of the mine pit lakes provide
the drinking water supply to neighboring communities.
Aquaculture Operations
Chinook salmon and rainbow trout were the two principal species raised at the Chisholm
facility. The facility received a National Pollutant Discharge Elimination System (NPDES)
permit which authorized the production of 1.9 million kg per year of ﬁsh with the corre-
sponding level of manure waste generated. Although the number remains proprietary, it is
estimated that from 1988 to 1994 a little over 1.4 million kg of ﬁsh were produced. At the
end of the production facility’s existence there were 750,000 ﬁsh (173,000 kg) being held in
22 net pens in the Sherman pit.
The ﬁsh reared in the Chisholm mine pit lakes were held in several large net pens. The
design of net pen ﬁsh rearing facilities is quite different than conventional or traditional 0n-
—land systems.
At a net pen facility, ﬂoating cages are used to contain the ﬁsh. At the height of
production, ﬁsh were held in sixty 15 meters deep nets. The salmon and trout within the net
pens were fed a dry ﬁsh food which was hand thrown or mechanically blown into the nets.
The ﬁsh food would sink toward the bottom of the net, and the ﬁsh would consume it on the
way down.
Several thousand kilograms of ﬁsh food per day were fed to the ﬁsh when the
facility was operating under a normal mode. The food which was not consumed was lost
through the bottom of the net and continued down to the bottom of the mine pit lake. The
company experimented with utilizing a ﬂoating ﬁsh food, but rejected it due to increased cost
and poor conversion rates.
The consequences of feeding several million ﬁsh held captive in the nets caused a concurrent
problem of waste (manure) production. Fish excreted both soluble and insoluble waste into
the net pens. The insoluble ﬁsh waste acted the same as the waste food in that it sank and
passed through the net bottom and ultimately ended up on the mine pit ﬂoor. The soluble
portion excreted in the net was lost to the surrounding water body. Violations of the
company’s NPDES permit phosphorus limit (33 pg/L) resulted in the Minnesota Pollution
Control Agency (MPCA) requiring Minnesota Aquafarms to utilize a waste collection system
for the facility.
The system consisted of a large funnel net below four net pens. The funnel net collected the
insoluble waste that fell through the nets and concentrated the waste in the collector cone.
Waste in the collector cone was then pumped out to a holding pond prior to land application.
A pilot test of the system showed the efﬁciency of removal at 31% for solids, 39% for phos-
phorus and 10% for oxygen demand. Although the pilot showed these efﬁciencies, once in
operation many problems occurred which we believed lowered the efﬁciencies and made
operation of the system extremely problematic. Mechanical problems with the pumps and
clogging of the net panels with waste and attached algal growth, which required the net to be
hauled up and cleaned regularly, were two of the main issues. Ferric chloride was added to
the net pens to enhance precipitation of phosphorus and collection effectiveness.
Environmental Concerns
Nutrients
l
The mine pit lakes are oligotrophic, having phosphorus levels less than 10 pg/ L, less than 3 pg/L
of chlorophyll a, and a secchi disc reading greater than three meters. The ﬁrst pit lake to experi-
ence net pen activities was Twin City—South. This is a 28.3 hectare lake with a maximum depth
of 69 m. During most of this time the lake was artiﬁcially mixed and aerated. The lake contin—
ued to be mixed after aquaculture activities ceased injuly of 1993. Total phosphorus values
began at 10 pg/L in 1988, rose to a high of 94 pg/L in 1992 and returned to near 10 pg/L in 1994
(Table 1). Dissolved inorganic nitrogen rose from 363 pg/L in 1988 to a high of 2,043 in 1993
before dropping to 1,228 ug/L in 1994. Chlorophyll a rose from 2.9 pg/L in 1988 to a high of
22.5 pg/L in 1991 before dropping to 1.5 pg/L in 1994.
The second pit to experience net pen aquaculture was Sherman Lake. This lake has not
undergone the scrutiny that the Twin City-South Mine has undergone. The one key param-
eter measured in the Sherman pit until the operation ceased in 1995 was phosphorus. The
phosphorus concentration rose from below 10 pg/L before aquaculture began to levels above
250 pg/ L towards the end of the operation.
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—Political Concerns
The political ramiﬁcations of this aquaculture issue were very strong. The loss of the mining
industry in this area reduced the jobs available to local citizens and was devastating to the
local economy. The aquaculture venture promised a new industry and jobs. The mine pits
were viewed as sterile bodies of water with little or no use by many. Those who took their
drinking water from the pits felt otherwise, so a natural confrontation arose. The threat to
drinking water and the pollution of the mine pits versus jobs for the local economy split the
local community and the state legislature. The MPCA found itself in a common position of
being in the middle and being attacked by both sides.
Lessons Learned
Restoration efforts
The restoration effort of the mine pit lake, Twin City—South, which included intensive aeration,
alum addition, and fallowing, has led to a rapid return to near baseline conditions, which is
oligo-mesotrophic status. This restoration was facilitated greatly by the fact that the steep
shoreline conditions caused high ambient erosion which buried the nutrient-rich sediments
below a layer of inorganic sediment. This isolated the nutrient—rich sediments from the overly—
ing water column. Also, continual inﬂow of nutrient—poor groundwater diluted the nutrients.
Minnesota Aquafarms ﬁled for bankruptcy in February 1995 and the operation was taken
over by Inter-Tribal Business Network. This appeared at a critical juncture due to problems
which were being experienced by Minnesota Aquafarms. Minnesota Aquafarms had no
resources with which to continue paying staff, paying for power for lake circulation, or main-
taining the net cleaning activities. The net pens had to be regularly cleaned or else waste and
algae would clog the nets, reducing the amount of water ﬂow—through and oxygen available
to the ﬁsh. The ﬁsh in the net pens were in danger of dying and the state was set to declare
an emergency. No one wanted 750,000 ﬁsh to die needlessly in the nets, but the basis for the
state to declare a health emergency, which is required by state law for the MPCA to act, was
difficult to determine. Two solutions were available: (1) let the ﬁsh go, or (2) provide the
resources to clean the nets. The state did not own the ﬁsh, so they couldn’t just be released
because recapture would have been extremely difﬁcult and providing state resources to a
private entity was not viewed with favor. No decision was required on the state’s part since
Inter-Tribal took over the entire operation. They maintained the nets, sold the ﬁsh that were
at the appropriate size, and eventually released the rest of the ﬁsh to the lake.
Over the years of net pen aquaculture, several hundred thousand ﬁsh had escaped the net
and had formed a free-roaming population which fed beneath the operating nets. All natural
food had been consumed. When feeding stopped and the smaller ﬁsh were released, they
became food for the larger ﬁsh. The released ﬁsh and the free—roaming ﬁsh were utilized as a
sport ﬁshing operation for approximately two years after the aquaculture operation ceased.
Inter—Tribal would rent boats and charge a fee for ﬁshing in the mine pit lake.
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 Appendix 11
British Columbia Experiences
by AJ. Castledine
British Columbia Ministry of Fisheries, PO. Box 9359, FTN Provincial Government,
Victoria, BC, V8W 9M2
E-mail: al.castledine@gem35.gov.bc.ca
Introduction
In 1997, salmon farming production in British Columbia reached approximately 35,000
tonnes valued at about $225 million (Cdn.). Farmed salmon is B.C.’s largest agricultural
export. The salmon farming industry has 100 marine sites and 19 freshwater sites — l7 hatch—
eries and 2 lake net pen sites — for production of 12-14 million smolts. Atlantic, Chinook and
coho salmon are produced. Some individual farms are licenced to produce in excess of 1,000
tonnes on an annual basis. Freshwater productionof trout and charr for the table market is
less than 250 tonnes annually. Experimental work on halibut and blackcod is in progress.
Direct and indirect employment attributed to the industry exceeds 2,500 full time positions.
Marine feed conversion maximum is 1521 so total feed utilized is about 60,000 tonnes. Feeds
are nutrient dense. Delivery systems vary and are designed to optimize uptake. On a mass
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sedimentation under farms and determined that production has increased several fold on
individual farms while sediment accumulation has decreased. These changes are attributed to
improvements in feeds and feeding practices as well as better site selection. There is a move
to the use of performance—based standards to determine level of production, rather than
reliance on regulated production levels.
The ability to determine optimum sites has improved. Circulation dynamics (evaluating
backeddy potential and mass transport potential for the site), measuring water column current
velocities to ensure optimum dispersion of waste materials and sufﬁcient movement at the
sediment—water interface, assessing bottom substrate to determine whether it is depositional or
non-depositional, choosing adequate depth to make optimum use of tides and currents, and
matching farm size and waste material loadings are all important considerations.
Additionally, currents should not be predominantly onshore; recommended surface currents
should be >10 cm/sec, currents at 15 meters should be >5 cm/sec and be >3 cm/sec one
meter above the bottom. Water depth should be >30 meters with bottom sloping offshore,
biotically sensitive resources (e.g., eel grass, kelp etc.) should be avoided, and sites should not
be placed in bays.
A number of models have been created to attempt to predict release of solid and dissolved
outputs of farm operations and their effects. In British Columbia, a Modular Aquaculture
Modelling System (MAMS)(Chandler and Carswell 1995) was designed to try to integrate and
predict the effects of multiple sites to determine whether there is possible interaction between
sites from dispersion of metabolic waste products, utilization of oxygen, etc. Further develop—
ment of the model has been put on hold pending response to the recommendations of the
provincial Salmon Aquaculture Review.
The coastal lakes of British Columbia are among the most nutrient poor and unproductive
freshwaters in the world (MacIsaac and Stockner 1995). Waters are soft, neutral to slightly
acidic with low phytoplankton productivity with phosphorus levels ranging from 3-6 pg/ L.
Lake and river fertilization is used to increase production of wild ﬁsh (e.g., the Department of
Fisheries and Oceans may fertilize sockeye lakes with 40- 150 mg phosphorus/meterZ/year).
Lake net pens are used for enhancement of wild salmon and trout. These have low densities
and relatively low biomass. Two lakes are used for commercial smolt production, Georgie
Lake on Vancouver Island and Lois Lake on the mainland. There is currently a moratorium
on the use of additional lakes for smolt production until a response to the Environmental
Assessment Review and acceptance of guidelines.
Georgie Lake was intensively studied in 1992 and 1993. Georgie Lake is 8.5 km long with a
mean depth of 16.3 meters (maximum 42 m) with asurface area of 4.7 km. Sediments are
naturally high in organic matter. Georgie Lake supported production of 8- 14 tonnes of
Atlantic salmon smolts annually between 1989 and 1994. Maximum feed utilized in this
period was 21 tonnes in 1989. This study concluded that synoptic water quality studies are of
limited value as effects are ephemeral and easily masked by water ﬂow. Periphyton did
accrue on sampling plates at a station as far as 200 meters away from the net pens. Periphy-
ton samplers are a useful integrator of the effects of nutrient addition. Microbial foodwebs
were enhanced as were phytoplankton and zooplankton. Nutrient loadings from the net pen
operation were at the low end of areal loadings used by Department of Fisheries and Oceans
to fertilize coastal sockeye lakes. Development of loading criteria for locating additional net
pen sites will require the use of lake speciﬁc information.
 Current lake net pen guidelines (DRAFT) include: lakes should be larger than 160 ha and
preferably be landlocked; be oligotrophic with total phosphorus less than 10 pg/L at spring
turnover; ﬁsh production should not lead to phosphorus concentrations above 15 pg/ L;
minimum depth under net pens should be 10 meters; a waste management permit may be
required; there will be annual relocation of net pens to decrease sediment buildup; opera-
tional environmental monitoring will be instituted; other social and biological criteria will
apply (e.g., presence of rare or endangered ﬁsh); angler effort; whether the water supply is
used for domestic consumption; and absence of sockeye or kokanee salmon.
Summary
Improved husbandry and feeding practices in combination with improved siting has reduced
the degree of sedimentation. In marine waters, dissolved nutrients do not appear to inﬂuence
productivity to any significant extent — there is no documentation that salmon farming inﬂu—
ences the development or severity of algal blooms. At current levels of production, net pen
operations are not evidently shifting productivity in coastal lakes. The Environmental Assess—
ment Review recommended a move to performance-based standards, rather than a regulated
production limit based on biomass modeling to control sedimentation at farm sites.
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Appendix 12
A Farmer's Perspective
by Gord Cole
Aqua—Cage Fisheries
Comments on Regulations and a Case Study
of an Environmentally Friendly Farm
Introduction
Aqua—Cage Fisheries Ltd. has been operating a cage culture ﬁsh farm in Georgian Bay since
1982. This was probably the ﬁrst use of Norwegian—Style cage culture in freshwater anywhere
in the world. It is possibly the oldest continuously operated cage farm anywhere in North
America. This farm demonstrates the sustainability and minimal environmental impact of a
typical ﬁsh farm. Aqua—Cage is an environmentally pro-active company, as are most Great
Lakes cage farmers. Large amounts of scarce time and money are spent on pro-active envi-
ronmental projects. The few exceptions, farmers who are not responsible, are why govern—
ment regulations are required. Appropriate regulations are those which effectively prevent
undesirable impacts, no more and no less.
Aqua-Cage has been operating in the same location since 1983 (a different location was used
in 1982). There have been no public complaints. The farm consists of 26 cages each of
which is 280 In2 or 370 m2. Five or six cages hold young ﬁsh and the rest have ﬁsh which
will be sold that year. Fingerlings are purchased from a commercial hatchery and grown for
14— 15 months. Market size is 1 kg plus. The grow—out period includes low growth in Novem—
ber and almost no growth December through April. Biomass peaks in the fall and declines
about 80% over winter as ﬁsh are sold. Other cage sites in Georgian Bay have similar pro—
duction cycles.
Aqua—Cage actively works to minimize environmental impacts. The two majorcomponents
of the environmental program are fallowing and low pollution feed.
Fallowing
Aqua—Cage moves their cages seasonally. The ﬁsh are kept in the harbour from mid fall until
late spring. The harbour is 9-10 meters deep with agood current. The cages in the harbour
are protected from ice damage and remain easily accessible during the winter harvest. Fish
_and cages are moved into a more open location during the summer. This basin is over 3 km3
in volume and the water is estimated to exchange several times a year. The basin has a
maximum depth of about 160 meters, with about 60 meters of water where the nets are
moored in the summer.
Each location fallows for part of the year. Sediments that accumulate under the cages during
the feeding period, dissipate during the fallowing period, preventing year to year accumula—
tion. Moving the cages twice a year is time consuming and expensive. It is worthwhile for
Aqua—Cage because it allows much greater ﬁsh production with very low environmental
impacts. Seasonal fallowing is not appropriate for most farms, but other fallowing strategies
may be used. It should be noted that farms require two or more sites to fallow.
E6351
Proper use of low pollution feed is the second critical component in minimizing environmen—
tal impacts. Aqua-Cage has been using high energy, low pollution feeds since 1983. Low
pollution feed was not commercially available in 1983 so a custom formula was developed
with Drs. Hilton and Slinger from the University of Guelph. The feed formula has changed
almost yearly as new information becomes available and new manufacturing processes are
developed by Martin Mills. Today low pollution feeds are available from all feed companies
and almost universally used.
Early low pollution feeds simply minimized the indigestible portion of the diet, reducing solid
waste, biochemical oxygen demand, and phosphorus. The second step in the evolution of
low pollution feed was reducing phosphorus to the minimum level required for ﬁsh health
and growth. The third development was new technology that allowed high levels of fat to be
included. This increased the energy density of the feed which reduced the amount of feed
needed to grow a unit of ﬁsh. Optimizing the protein to fat ratio took several years.
Recently it has become apparent that biochemical oxygen demand is the critical environmen-
tal waste product from cages. Current research involves further reductions of biochemical
oxygen demand. Calculations indicate that biochemical oxygen demand, solid waste, and
phosphorus produced per unit of ﬁsh have all been reduced 70-85% over the last 20 years
through improved diets.
The other feed related source of waste is uneaten feed. Feed is expensive, accounting for
40% of production costs. Farmers have enormous economic incentive to waste as little as
possible. New technologies, such as underwater video cameras, are further reducing feed
waste.
:” E.” INTI.
Aqua-Cage has tried to be environmentally friendly when the opportunity arises. Two stroke
out—board engines have been replaced by four stroke engines. “Green” hydraulic ﬂuids are
used. Most feed is purchased in bulk, eliminating tens of thousands of plastic bags per year.
Only environmentally-friendly cleaners are used.
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Other cage farms have their own environmental programs. Most feed used is a low pollution
type. One farm has been working with a local University on biochemical oxygen demand
and COD research. Another farm has installed a system which draws water from the bottom,
aerates it and returns it to the bottom. Several farms are cooperating with Dr. C. Young Cho
in developing waste production models. Most cage farmers think of themselves as pro-active
environmentalists, stewards of the resource. Unfortunately the rare “bad apple” gets the
publicity.
Sample Water Quality Results
Aqua—Cage hires Eco—North laboratories to take water samples around the farm. Phosphorus
is consistently below 0.01 mg/L. Suspended solids are generally 0.25-l.0 mg/L. The highest
suspended solids level ever recorded is 2 mg/L. Dissolved oxygen is generally 90% satura-
tion or more, and always above 80% saturation. Two sample months are shown in Tables 1
and 2.
Table 1. Phosphorus and suspended solids data collected from various locations at
Aqua-Cage Ltd. aquaculture farm.
Date Site Location Total Phosphorus Total Suspended
(mg/ L) Solids (mg/L)
July 9 1998 Bay East <0.01 <0.20
July 9 1998 Bay Centre <0.01 <0.20
July 9 1998 Bay West <0.01 <0.25
July 9 1998 Farm <0.01 <0.50
Sept. 17 1998 Bay East <0.01 0.75
Sept. 17 1998 Bay Centre <0.01 2
Sept. 17 1998 Bay West <0.01 0.25
Sept. 17 1998 Harbour East <0.01 1
Sept. 17 1998 Harbour Control <0.01 1
Sept. 17 1998 Harbour West <0.01 1
—Table 2.
Temperature
and
dissolved oxygen
data
collected on
October
13,
1998
from
various locations around Aqua-Cage
Ltd. aquaculture farm.
 
Location
Depth of
Temperature
Dissolved
Sample (In)
(° C)
Oxygen (mg/ L)
Bay West
0
15.6
12.2
Bay
West
15
10
14.4
Bay
Centre
0
14.1
11.9
Bay Centre
15
14.2
10.2
Bay East
0
13.9
10.4
Bay
East
15
14.2
10
West Cage
0
14.1
9.9
West Cage
8
14.3
8.9
Centre—
0
14.2
9.1
Surrounded
by cages
Centre 8 14.3 9.2
Control-
Stanley Island 0 14.3 10.4
Control 15 14.3 10
Control—
3 mile point 15 14.3 10
Harbour West -
downstream 0 14.1 9.4
Harbour West 8 14.1 8.9
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Summary of Environmental Concerns Regarding Fish Farming
matenQuaiﬁy
Fish farms add feces and small quantities of uneaten feed into the water. Zero tolerance
pollutants, such as heavy metals, carcinogens, human pathogens, endocrine analogs, radioac—
tivity, etc. are not produced. Potential negative impacts are limited to local eutrophication
and reduction of local dissolved oxygen, especially in the hypolimnion. These impacts will
only occur if these discharges are present in excessive amounts. Problems may be avoided
by limiting inputs which in turn limits discharges. Limiting the feed used at a site is a very
simple and effective way to limit input. The feed quota for a site will depend on the sites
estimated carrying capacity. The quota can be adjusted up or down based on water testing
results. An objective formula for this adjustment should be used rather than discretionary
decisions. Accurately measuring a site’s carrying capacity is impossible, so keep it simple,
cheap, quick and conservative. Fine tune later with the quota adjustments. This system
minimizes waste by providing the farmer with an incentive to grow the most ﬁsh possible on
the feed quota.
Regulatory agencies should not be concerned with the internal workings of the farm, other
than feed use, and water quality. The number of ﬁsh, size of ﬁsh, feed conversion, ﬁsh
movements, etc. are irrelevant to the regulator. Requiring this information is an unreasonable
intrusion.
Two other water quality questions that have arisen elsewhere concern therapeutant residues
and antifouling compounds for nets. Studies done elsewhere indicate that therapeutants
disappear quickly from the waste under farms, if they are ever present. Therapeutant use in
Ontario is very low so it should not be a problem. Testing at several Ontario ﬁsh farms
found no detectable therapeutant residues. Antifouling compounds are not used in Ontario
on nets, to the best of the author’s knowledge.
Water quality testing must be limited to parameters of concern, speciﬁcally phosphorus,
dissolved oxygen, and suspended solids. Testing should be carried out periodically during
the ice-free feeding period. Every 6-8 weeks is adequate providing the period following
turnover is tested. Excessive testing is unwarranted and places an unreasonable ﬁnancial
burden on the farm. Testing must not become a farm funded government research project.
Fish farms should never be responsible for introduction of new species into any waters.
Fisheries managers, baitﬁsh, ornamental ﬁsh, and transportation cause more than enough
introductions.
Fish should only be grown in waters where the species already exists in contiguous waters, or
grown in a close system. The exception to this rule is where the introduction of the species
would be considered desirable. Reintroducing a species into waters it previously occupied
would be one example of a desirable introduction (e.g., sturgeon into many Ontario waters).
Rainbow trout are obviously not a concern in the Great Lakes.
—Genetic Dilutions of Native Fish
The gene pool of some populations of native ﬁsh should be protected where the original
heritage gene pool still exists.
The original gene pool is often lost as a result of heavy selec-
tive harvest, large scale stocking of the same species (especially but not exclusively from
different stocks), habitat loss, remnant population isolation, government
stocking, etc.
Where
a heritage gene pool exists, ﬁsh
of the same
species should not be
cultured in the same
waters
unless they are kept in a closed system.
Note that Ontario Ministry of Natural Resources
has
identiﬁed speciﬁc types of populations that need protecting, such as some sympatric and
allopatric populations.
Protecting heritage gene pools also involves controlling all modiﬁers of the gene pool, not just
ﬁsh farming.
This includes selective harvest, habitat loss, government stocking, etc.
Genetic
concerns do not apply to introduced species.
This is particularly true of rainbow trout since
the Ontario Ministry of Natural Resources purchased its trout broodstock from the same
hatchery that supplies farms with ﬁngerlings.
Disease
Disease transmission from commercially farmed food ﬁsh to wild ﬁsh populations has never
been documented, as far as this author knows.
Ontario ﬁsh farms have an excellent ﬁsh
health record. Some hatcheries have been certiﬁed speciﬁc pathogen free for about 25 years.
Fish farms are highly unlikely to introduce new pathogens into the province because live ﬁsh
or eggs are rarely imported. The few importations that do occur come from speciﬁc patho-
gen free sources in the Great Lakes basin (Quebec).
Within the province, farms are very careful to purchase only healthy ﬁsh. Ontario farmers
have excellent professional ﬁsh health services provided by the Ontario Veterinarian College
in Guelph which helps keep our ﬁsh healthy. The real risk of introducing diseases lies with
other live ﬁsh movements. Farmers feel that management agencies are placing farms and
wild ﬁsh at considerable risk by not regulating these other ﬁsh transfers, especially baitﬁsh,
but also ornamental and other food ﬁsh. Government programs are also often risky.
Regulatory Regime
Regulatory agencies, especially ﬁsheries agencies, have consistently demonstrated an inability
to deal with ﬁsh farms in a reasonable fashion, probably due to a total lack of understanding
of what a ﬁsh farm is. Fish farming is NOT a ﬁsheries activity, it is farming, feed lots produc-
ing meat for human consumption. Fisheries biologists have no more understanding of ﬁsh
farming than wildlife biologists understand beef farming. Farmers of ﬁsh should not be
dealing with ﬁsheries biologists any more than a beef farmer should require permits from a
wildlife biologist. Farmed ﬁsh are not a common property resource, they are private prop—
erty and must not be subject to the whims of ﬁsheries managers.
Most ﬁsheries managers see little or no beneﬁt to ﬁsh farming, so when a risk—beneﬁt analysis
is done even a very low risk is considered unacceptable because the perceived beneﬁt is
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occurred in the waters around Aqua-Cage Fisheries during the time Aqua—Cage has been
operating. This may be a result of habitat improvement caused by the farm.
Fish farming is more regulated than most activities. A cage farm in Ontario requires the
following:
1. ﬁsh culture license from Ontario Ministry of Natural Resources;
water lot tenure from Ontario Ministry of Natural Resources;
exemption to moor in navigable waters from Federal Department of Transport;
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various licenses and permits from local governments which may include ﬁsh culture
and environmental permits from First Nations, building permits, zoning variances, etc.
(generally local permits require public hearings);
5. Hazard Analysis Critical Control Point (HACCP) standards through the independent
“Healthy Salmon Program”; and
6. regulation of therapeutant and chemical use (prescriptions or permits may be required).
Farms previously required Certiﬁcate of Approval’s from the Ontario Ministry of Environ—
ment. This requirement was discontinued with no input from industry. Ontario Ministry of
Environment subsequently refused to set standards or become involved with regulating cage
farms, despite years of lobbying by industry and the Ontario Ministry of Agriculture and
Food. Environmental standards are now included in the Ontario Ministry of Natural Re—
sources ﬁsh culture license.
Permits were previously required to ship live ﬁsh. This has been replaced by requiring
normal commercial documentation (i.e., bill of lading).
The inputs and outputs of the farm are also highly regulated. Fingerlings are purchased from
hatcheries which have the same requirements as a cage farm plus the Ontario Ministry of
Environment Certiﬁcate of Approval and often a Department of Fisheries and Oceans Fish
Health Certiﬁcate. Processing plants are subject to federal and provincial inspection. They
document for both Quality Management Programs (QMP) and increasingly, HACCP. Feed
manufacturing also involves tight regulatory controls.
Big brother watches from cradle to grave.
—_
Reasonable regulations must place ﬁsh farming in the context of the real world, which is not
a pristine place.
Virtually all of the dominant coldwater species in the Great Lakes are
introduced, from zooplankton through forage ﬁsh to the top predators.
There is no natural
coldwater ecosystem to preserve so don’t pretend there is. Managers should be considering
the needs of all users of the resource, not just anglers, and the beneﬁts to society as a whole.
Objectively, ﬁsh farming can be one of the most environmentally friendly activities we
humans can undertake.
Regulations should be effective in dealing with an issue.
This means the regulations must
apply to all potential sources of the problem, not one sector.
The potential negative impacts
of ﬁsh farming are concerned with ﬁsh waste and the movement of live ﬁsh.
Fish pathogens,
as an example, may be spread by the movement of any live ﬁsh.
Note that ﬁsh pathogens
will affect most species.
Baitﬁsh can carry salmon diseases. Introduction of pathogens has
been documented Via baitﬁsh, government stocking, and transportation (shipping, canals,
etc.). Pathogens spreading from commercially farmed food ﬁsh to wild ﬁsh has not been
documented.
Regulating only the low risk vector (i.e., farms), and ignoring high risk vectors
is ineffective and absurd, but that is the situation under both Ontario regulations and Cana—
dian Federal regulations. Regulate by problem not by sector. Special rules for ﬁsh farms are
NOT required.
A wise man said that dairy farms operating under the same constraints as ﬁsh farms would be
required to milk moose.
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Introduction
An increasing interest in aquaculture development in the Great Lakes region has prompted
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environmental assessment tool that is user-friendly, interactive, and addresses lake—based,
land—based, and secured aquaculture systems.
Environmental Assessment Tool
The Environmental Assessment Tool will include three interrelated components to guide
case-speciﬁc review of each aquaculture operation. First, a computerized Assessment Path-
way guides the user through assessment of potential environmental effects. The user answers
a series of carefully worded questions about the species (including genetic strains) and the
accessible aquatic ecosystem, identifying whether or not the aquaculture operation under
review poses any speciﬁc risks. Should any risks be identiﬁed, the user is led to consider risk
management measures, including culture methods, facilities design and operations manage—
ment. This would include whether or not measures capable of managing the identiﬁed risk
currently exist. Second, the Supporting Text provides: scientiﬁc background, including
citations of relevant documents, for the questions and alternative decisions in the assessment
pathway; more detailed risk management recommendations; a glossary of scientiﬁc
terms; and other relevant appendices. Third, the Summary Documentation automatically
traces the user’s path through the computerized Assessment Pathway and prompts the user to
describe the rationale for any selected risk management measures. The Summary Documen—
tation provides transparent documentation of the assessment process, thus helping to keep
aquaculturists, government regulators, and interested citizens equally informed and to reduce
conﬂict in some cases.
—Overview of Environmental Assessment Tool
Determination of Assessment Pathway
The pathway is determined by questions that ask: type of organisms to be cultured (ﬁsh,
shellﬁsh or plant), collection and/or growout methods of organisms, and location (Great
Lakes-based or land-based facilities). Lakes—based projects involving species other than those
that are indigenous or naturalized in the Great Lakes will be directed to consult with relevant
agencies, according to the Introductions in the Great Lakes Basin Procedures for Consultation
(Council of Lake Committees 1992), before proceeding further. Below is an overview of one
of the pathways in the environmental assessment tool.
Assessment of Suitable Environment
These questions assist the user in identifying whether an organism can survive and thrive in
the surrounding aquatic ecosystem. The structural integrity of the facility is also considered
here. Important factors include temperature, pH, degree of ice cover, wave heights, and
currents (Beveridge 1996). Additional factors are considered in later assessments.
Genetic Eﬁects
These questions assist the user in identifyng whether an organism has been genetically
engineered (deliberate gene changes, deliberate chromosomal manipulations or interspeciﬁc
hybridization). Projects involving genetically engineered organisms are directed to the
Manual for Assessing Ecological and Human Health Effects of Genetically Engineered Or-
ganisms (Scientists’ Working Group on Biosafety 1998). This manual is appropriate for
assessing commercial—scale aquaculture of genetically engineered animals or plants. It is an
expanded version of the Performance Standards for Safely Conducting Research with Geneti—
cally Modiﬁed Fish and Shellﬁsh (ABRAC 1995). Questions will also assist the user in
assessing effects on the genetic makeup and ﬁtness ofwild populations due to interbreeding
with escaped aquaculture organisms derived from non—local genetic sources. The user is
asked about known genetically distinct populations, sources of cultured organisms, and
feasibility of sterilizing cultured organisms.
Disease Eﬁfeets
These questions assist the user in identifying whether the cultured organisms have been
certiﬁed to be free of emergency or restricted pathogens. If cultured organisms are salmo—
nids, the user is instructed to evaluate the broodstock or production stock with the Great
Lakes Fish Disease Control Policy and Model Program (Hnath 1993). The user is also asked
if emergency or restricted pathogens have been identiﬁed in wild ﬁsh populations in sur—
rounding waters. These questions aim to minimize the possibility of spreading disease to
cultured ﬁsh and further contaminating wild ﬁsh.
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Impacts on Recovery or Rehabilitation Plans
These questions assist the user in identifying whether the cultured organisms or the facility
could harm any listed Endangered, Threatened, Special Concern, or Vulnerable species. The
user is asked to identify species at risk and determine, with the assistance of the appropriate
government agency, whether the cultured organism or the facility may adversely affect the
species at risk. Questions also prompt the user to consider other recovery or rehabilitation
plans that may be affected, e.g., recovery of wild lake sturgeon in Lake Ontario (Orsatti et a1.
1998).
Impacts on Areas of Concern
These questions assist the user in identifying whether the cultured organisms or the facility
could harm Areas of Concern designated by the InternationalJoint Commission. Clean—up
and restoration plans have been identiﬁed in 42 areas of the Great Lakes (International Joint
Commission 1987). The user is asked to determine proximity to Areas of Concern and
possible effects on any recovery plans that include ﬁsh and wildlife rehabilitation, improve—
ment of degraded benthos, or remediation of eutrophication or undesirable algae.
Eﬂects of Settleahle Solids on Benthos and Shellfish
These questions assist the user in identifying whether the cultured organisms or the facility
could adversely affect benthic species or shellﬁsh beds. Excessive wastes from culture facili-
ties may cause smothering of benthic environments, a buildup of contaminants within the
sediments, promote a higher level of resistant bacteria, change sediment chemistry, deplete
oxygen levels, and cause a shift in community structure of benthic species (Weston 1990;
Gowen et a1. 1994; Silvert 1994; Sowles et a1. 1994; Beveridge 1996). Shellﬁsh also may be
vulnerable to contaminants and smothering. The user will be asked questions that help
identify vulnerable benthic areas and signiﬁcant shellﬁsh beds. This section will also ask
questions about the aquaculture facility’s potential exposure to fouling agents (e.g., zebra
mussels).
Impacts on Breeding Areas, Nurseries, and Fish-eating Animals
These questions assist the user in identifying whether the cultured organisms or the facility
could harm breeding or nursery areas of wild organisms. Proximity to these areas will be the
most important issue. The user is asked questions that will assist in identifying areas that are
vulnerable. Questions also consider effects on ﬁsh-eating mammals and birds.
Cumulative Impacts due to Proximity to other Aquaculture Facilities
These questions assist the user in identifying whether the culture operation could adversely
affect wild populations and pre—existing aquaculture operations through a higher cumulative
waste load that could decrease dissolved oxygen levels and increase dissolved nutrients, thus
promoting eutrophication. The objective of these questions is to assess cumulative impacts.
—Impacts ofFacility and Infrastructure
These questions assist the user in identifying whether the facility or its related infrastructure
(e.g., construction of additional buildings or roads) could harm habitats for species at risk, or
ﬁsheries and wildlife restoration/rehabilitation projects listed in the Lake Community Objec-
tives. Users are directed to suggested agencies to make these determinations.
Effects on Other Lake Users
These questions assist the user in identifying whether the facility or its related infrastructure
are located in areas that may affect other lake users. Potential impacts on culturally, histori—
cally or navigationally sensitive sites are also considered. Users are prompted to refer to
suggested agencies to make these determinations.
Risk Management Measures
This section helps the user to develop feasible ways of reducing or preventing speciﬁc envi—
ronmental problems identiﬁed in the above assessments. Measures could also include the
development of an emergency response plan, a ﬁsh disposal plan, and a ﬁsh—eating predator
prevention plan.
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